Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 






-• 



. >• 

IT 



^ 



r 



PUBLICATIONS 



OF THE 



ASTRONOMICAL SOCIETY 






OF THE PACIFIC. 



V.O.UUME V. 



1893. 



SAN FRANCISCO 
PRINTED FOR THE SOCIETY. 



v^ 






? r 













«mL4BtC 



TABLE OF CONTENTS.* 



I 



Publications No. 27, January i, 1893. 

Pagb 
Drawing of Mare Crisium from a Lick Observatory Negative, by 

Professor Weinek Frontispuce 

List of Members of the Society, January i, 1893 i 

List of Corresponding Observatories and Institutions 15 

By-Laws of the Society 18 

PublicaHans No. 28, January 28, 1893. 

MarSy by Sir Robert S. Ball, F. R. S 23 

Wood-cut: On the Way to the Mt. Blanc Observatory ; to face page 23 

The Sun's Motion in Space, III (see Publications A. S. P., Vol. IV, 

page 70), by W. H. S. Monck 36 

Physical Observations of Jupiter* s Satellites in Transit, by John • 

Tbbbutt, F. R. a. S 40 

Note from the Retiring President (Professor Schaeberle) .... 41 

(Twelfth) Award of the Donohob Comet-Medal (to Edwin Holmes) 42 

(Thirteenth) Award of the Donohoe Comet-Medal (to W. R. Brooks) 42 

Wood-cut : On the Way to the Mt. Blanc Observatory, II ; 

to face page 43 

Notices from the Lick Observatory 43 

On Variations of Short Period in the Latitude, by Lord Kelvin, 

P. R. S 43 

On the Question of the Influence of the Sun upon Magnetic 

Storms on the Earth, by Lord Kelvin, P. R. S 44 

Relation between the Proper Motions and Magnitudes of 1240 

Stars, by S. D. Townlev 46 

Three-foot Reflecting Telescope for sale (made by Mr. A. A. 

Common) 47 

Meteor Fall in Oregon, December 16, 1892, 47 

Award of the Lalande Prize to Professor Barnard 48 

Observation of the November Meteors in the Hawaiian Islands, 

by Curtis J. Lyons 48 

Astronomical Journal Vnzes 48 

(List of) Works issued by the Lick Observatory 50 

Wood-cut : On the Way to the Mt. Blanc Observatory, III ; 

. .to face page 51 



••• 4 • 



* To Uie Bidder : this should precede pag% i, Volume V. 



iv Publications of the 

Pagb 
Enlargements of the Lick Observatory Negatives of the Moon, 

by Baron Albert von Rothschild 51 

Heliogravure of Mare Crisium and Vicinity (see Frontispiece) 52 

The Proposed Observatory on Mt. Blanc 52 

Fall of a Meteoric Stone in India, A. D. 1621 . . . v . . . 52 

Ancient Comets 53 

Appointments in the Lick Observatory (Mr. Tucker, Mr. 

Perrine) 54 

Discussion of Professor Barnard's Observations of the Fifth 

Satellite oi Jupiter (to be made by Professor Pritchett). . 54 

Observations of Nova Aurigct (February 9-14, 1893), by Pro- 
fessor W. W. Campbell 55 

Lick Observatory Eclipse Expedition (arrival at Panama, Feb- 
ruary 10) 55 

Minutes of a Special Meeting of the Directors^ December 2g, i8g2 . 56 

List of Members elected 56 

Resolutions adopted .... 57 

Minutes of the Meeting of the Directors^ January 28 ^ i8g-{ .... 57 

List of Members elected 57 

Minutes of the Meeting of the Society ^ January 28^ /8gj 58 

Officers of the Society, etc 59 

Publications No. 29, March 25, 1893. 

Wood-cut: Forest-fires near Mt. Hamilton to face page 61 

Address of the First Vice-President at the Fifth Annual Meeting, 

March 25, 1893, by E. J. Molera 61 

Astronomical Observations in 1892, by Torvald Kohl 66 

An Easy Method of Adjusting an Equatorial Telescope, by Roger 

Sprague • 70 

Miscellaneous Observations of Nova Aurigce^ by Professor W. W. 

Campbell 73 

Evolution of the Double-Star Systems, by Dr. T. J. J. See .... 79 

Diagram to face page 83 

Diagram to face page 85 

Diagram to face page 87 

Plate to face page 89 

Two New Planispheres, by Professor W. J. Hussev 89 

A Celestial Hand-Book (Review by Professor W. J. Hussev) ... 90 

Notices from the Lick Observatory 93 

Comet Holmes, by Professor W. W. Campbell 93 

Orbit of Comet Holmes ; its Fluctuations in Brightness, by 

Professor Lewis Boss 94 



Astronomical Society of the Paxific. v 

Page 
The Spectrum of Holmes* Comet, by Professor W. W. Camp- 
bell 99 

The new Dudley Observatory loo 

Woodcut : Dudley Observatory to face page loo 

Photographing the Corona without an Eclipse, by Professor 

W. W. Campbell loi 

Classification of Stellar Spectra, by Professor W. W. Campbell 102 

Dr. Henry Draper's Photographs of the Moon 103 

The Motion of the Solar System (review of a paper by 

Dr. Kempp), by Professor W. W. Campbell 104 

Universal Time (Germany; Austria) 105 

The Visible Spectrum of Gamma Argus^ by Professor W. W. 

-Campbell 106 

Photograph of a Bright Meteor, by John £. Lewis 107 

Large Discs of Optical Glass, by Professor W. J. Hussey. . . 107 

New Photographic Spectroscope for the 36-inch J^quatorial — 

presented by Hon. D. O. Mills to the Lick Observatory . . 108 

Vegetation of the Summit of Mt. Hamilton, by Professor E. L. 

Greene 108 

Changes in Nova Aurigcg^ by Professor W. W. Campbell . . 108 

Award of the Acton Prize to Miss Agnes Clerke 109 

Forest fire near Mt. Hamilton, August, 1891 109 

Discovery of Asteroids (by photography), by Professor W. W. 

Campbell 109 

Bright Meteor seen April 14, 1893, by C. D. Perrine 109 

Honorary Degree conferred upon Professor Barnard .... no 

Graduate School of Astronomy at Mt. Hamilton no 

Alphabetical Indexes to Special Libraries; note by E. S. 

Holden no 

The New Mounting for the Naval Observatory (26-inch) Tele- 
scope 113 

Total Solar Eclipse of April, 1893. Telegram announcing Pro- 
fessor Schaeberle's results 114 

Minutes of the Meeting of the Directors^ March 2Si iSgs 115 

List of New Members elected 115 

Organization of a Mexican Section, A. S. P 115 

Annual Meeting of the Society, March 2S, iSgj 115 

Report of the Nominating Committee 116 

Report of the Committee on the Comet-Medal 116 

Report of the Treasurer 117 

Report of the Auditing Committee u8 

Resolution adopted 118 



vi Publications of the 

Pagb 

Minutes of the Meeting of the Directors , Marches* '^93 '^9 

List of Officers elected and Committees appointed 119 

Officers of the Society, etc 120 

Publications No. 30, June 10, 1893. 

Wood cut : diagram to face page 121 

Variations of Latitude, by E. D. Preston '121 

Mean Monthly and Annual Barometric and Thermometric readings 

at Mt' Hamilton, 1880-1892, by C. D. Perrinb 124 

Rainfall at Mt. Hamilton, 1880- 1892, by C. D. Pbrrinb 126 

Plate : Drawings of Mars^ 1892, by Professor J. M. Schaeberle, 

to tace page 127 

List of Earthquakes in California for the years 189 1, 1892, by C. D. 

Perrine 127 

Plate: Drawings of Mars^ 1892, by Professor W. J. Hussey .... 
to face page 131 

Notices from the Lick Observatory 131 

Photograph of the Eta Argus Nebula (by Dr. Gill] 131 

(HoDGKiNs) Prizes offered by the Smithsonian Institution . . 131 

Plate : Drawings of Mars^ 1892, by Professor W. J. Hussey, 
• . . . • .... to face page 133 

On Photo-Mechanical Processes 133 

Honorary Degrees Conferred by the University of California 

upon Professors Weinek and Keeler 133 

Lick Observatory Drawings of Mars, 1892 • 133 

(With two drawings in the text) page 134 

Notice regarding Astronomical Photographs (in the Collection 

R. A. S.) 134 

Mean Barometer and Thermometer at Mt. Hamilton, by 

months, 1880-1892, by C. D. Perrine .135 

Minutes of the Meeting of the Directors, June lOf iSgj 136 

List of New Members elected • . . . 136 

Minutes of a Special Meeting of the Directors, May ^5, iSgj. . . . 137 

Resolutions adopted 137 

Minutes of the Meeting of the Society, June 10, /8gs 137 

Officers of the Society, etc 138 

Publications No. 31, September 9, 1893. 

Plate : the Moon, Photographed at the Lick Observatorj', October 

II, 1891 to face page 139 

Preliminary Note on the Corona of April 16, 1893, observed in Chile, 

by Professor Schaeberle 139 



Astronomical Society of the Pcuific. vii 

Pags 
Photographs of Cbinet b^ 1893, by Professor W. J. Hussby .... 143 

The Spectrum of Comet b^ 1893, by Professor W. W. Campbell. . 145 

Comparison of the New Star Spectrum with the Spectra of Five well 
known Nebuls, by Professor W. W. Campbell 147 

Solar Eclipse, October 9, 1893 (time of the contacts, etc.) by 
Orrin E. Harmon 152 

Note on the Discovery of Comet by 1893, by the Committee on the 
Comet-Medal 154 

A Simple Geometrical Explanation of Certain Apparently Ab- 
normal Forms of a Satellite during its Transit Across the Disc 
oi Jupiter y by Professor J. M. Schaeberle 156 

Photographic Verification of the Most Delicate Optical Details on 
the Moon, by Professor L. Weinbk (translated from the German 
by F. R. Ziel) • . . . 158 

The Cordoba Durchmusterung^ by R. H. Tucker Jr 162 

Notices from the Lick Observatory ... 169 

The Distribution of Land and Water on Mars^ by Professor 
G. V. Schiaparelli 169 

Remarks on the Surface-markings of Mars^ by Professor J. M. 
Schaeberle 170 

Experiments in Photographing the Corona, by Professor W. W. 
Campbell 173 

Researches in Stellar Parallax made at the Oxford University 
Observatory (reviewed) by Harold Jacoby 174 

Photograph of the Moon, October II, 189 1 175 

Mr. Ran YARD on the Origin of Lunar Formations 176 

Six-inch Refractor for sale 176 

Scientific Visitors to the Lick Observatory (Messrs. Eugen and 
Stephan von Gothard and Dr. Harkanyi) 176 

Progress of Astronomy in America, 1620-1893, by Professor 
E. S. HoLDEN 176 

Scientific Visitors to the Lick Observatory (Dr. M. W. Meyer, 
Professor Max Wolf) 177 

Observations of 70 Ophiuchi, by R. H. Tucker Jr 177 

Measure oi Struve 2145, by Professor J. M. Schaeberle .... 177 

The Red Star, DM + 30°, 4025, by Professor W. W. Campbell 177 

The Bielan Meteors of November, 1892, by Professor W. W. 
Campbell 178 

Driving Clock of the 36-inch Equatorial, by Professor W. W. 
Campbell 179 

Comet by 1893, by Professor W. W. Campbell 179 

The French Eclipse Expedition to Senegal, by Professor W.W. 
Campbell 180 



viu Publications of the 

Pagb 
The Next Total Eclipse of the Sun, by Professor W. W. Camp- 
bell i8i 

y«^'/^*5 Satellites, by Professor J. M. ScHAEBERLE i8i 

The Change of Sensitiveness of Dry Plates, by Professor Max 

Wolf 182 

Acknowledgements, by Professor J. M. Schaeberlb 183 

The Binary Star, /5733 (<?5 Pega5i)y by Professor J. M. 

SCHAEBERLE I84 * 

Annular Eclipse of the Sun of October 9, 1893, by Professor 

W. W. Campbell 185 

Brilliant Meteors, August 30-31 185 

The Bruce Telescope 186 

Visitors to the Lick Observatory, 1888-1893 186 

Minutes of the Meeting of the Directors^ September p, iSgs .... 187 

List of New Members elected 187 

Resolution adopted 187 

Minutes of the Meeting of the Society t September g^ i8g3 187 

Officers of the Society, etc 189 

Publications No. 32, November 25, 1893. 

Plate: The Yerkes Telescope of the University of Chicago 

to face page 191 

Variation of Latitude, by Professor W. J. Hussey 191 

The Bright Streaks on the Moon, by Professor J. M. ScHAEBEitLE 198 

The Solar Eclipse of October 9, 1893 ; Reports of Observations . . 201 

Charts of Faint Stars for Magnitude Comparison, by R. H. 

Tucker, Jr. . 202 

Folding Chart to face page 203 

Discovery of Comet ^, 1892, by the Committee on the Comet- Medal 204 

Hydrogen Envelope of the Star DM. + 3o°. 3^39* ^Y Professor 

W. W. Campbell • 204 

Note on the Visible Sp>ectrum of the Great Nebula of Orion^ by 

Professor W. W. Campbell 206 

The Planetary Nebula, SD. — 12**, 11 72, by Professor W. W. 

Campbell 207 

Visible Spectrum of Comet t:, 1893 (Brooks) by Professor W. W. 

Campbell 208 

Preliminary Note on a Mechanical Theory of Comets, by Professor 

J. M. Schaeberle 210 

(Fourteenth) Award of the Donohub Comet-Medal (to Professor 

W. R. Brooks) 216 

Notices from the Lick Observatory 217 

The Rotation of the Moon on its Axis, by Professor C. A. Young 217 



Astronomical Society of the Pacific. ix 

Pace 
Scientific Visitors to the Lick Observatory (Dr. S. P. Langley, 
Professor Violle, Colonel Defforges, Mr. Serviss, 

Doctors Lummer, Kurlbaum, Lindeck and Wedding) . . 219 

Stability of the Great Equatorial, 1888-1893 219 

Brilliant Meteors, September 30 and October 2 220 

A Useful Map of the Moon 220 

The Bruce Photographic Telescope 220 

Monument to the late Richard Anthony Proctor 222 

The Cordoba Durchmusterung^ — 22° to — 32° 222 

A New Astronomical Periodical {Popular Astronomy) 223 

(Places of) Comparison Stars to Eucharis (181), by R. H. 

Tucker, Jr 224 

Forty-inch Refractor of the Yerkes Observatory 224 

A New Star in the Southern Sky 225 

Geological and Solar Climates (note on Dr. Manson's paper], 

by Professor J. M. Schaeberle 225 

California Midwinter Fair 226 

Completion of the New Dudley Observatory, by R. H. 

Tucker, Jr 226 

Portrait Medallion of James Lick 228 

Star Spectra in which Two or more of the Hydrogen Lines are 

Bright, by Professor W. W. Campbell 228 

Preliminary Determination of the Eccentricity of the Repsold 

Meridian Circle, by R. H. Tucker, Jr 229 

The Dallmeyer Lens of the Eclipse Expedition, by Professor 

J. M. Schaeberle 230 

The Observatory on Mt. Blanc, by Professor W. W. Campbell 230 

The Spectrum of Alcyone^ by Professor W. W. Campbell . . 231 

Wave-lengths of the Principal Line in Nova Auriga^ s Spectrum, 

by Professor W. W. Campbell 232 

Researches upon Comet 1889, V, by Professor W. W. Campbell 232 

The Parallax of the Nebula DM + 41°, 4004, by Professor 

W. W. Campbell 234 

Comet ^, 1893, by Professor W. W.Campbell 235 

New Quarters for Astronomers on Mt. Hamilton 235 

Erratum 235 

Minutes of the Meeting of the Directors^ November 2$^ i8g^ . . . 236 

List of New Members elected 236 

Resolution on the death of Hon. Alexander Montgomery 236 

Minutes of the Meeting of the Society^ November 2$ ^ iSgs 236 

Officers of the Society, etc 238 




MARE CRISIUM 



BRAWW flr PROFESSOR mi. WEINEK FHDM THE TJEO/OTVE 
TAKEN AT IIF. LICK OBSERVATORY tJil WiGUST ^1 VMS 



PUBLICATIONS 



OF THE 



Astronomical Society of the Pacific. 



Vol. V. San Francisco, California, January i, 1893. No. 27. 

LIST OF MEMBERS 

OF THE 

ASTRONOMICAL SOCIETY OF THE PACIFIC 

January i, 1893. 



OFFICERS OP THE SOCIETY. 

J. M. ScHAEBERLB (Lick Obscrvatory) President 

E. J. MoLBRA (850 Van Ness Avenue, S. F.) ) 

Frank Soule (Students' Observatory, Berkeley) f ...... . Vice-Presidents 

Otto von Geldbrn (819 Market Street) J ... 

W. W. Campbell (Lick Obsco-atory) Secretary 

F. R. ZiEL (410 California Street, S. F.) Secretary and jyeasurer 

Board of Directors— yicsaxs. Alvord, Campbell, Hill, HoIldbn, Camilo Martin, 
MoLERA, W. M. Pierson, Schaeberle, Soulk, Von Geldbrn, Ziel. . f 

■ ■ ■ ■ • 

Finance Committee — Messrs. Pierson, Martin, Ziel. •/ ■ - 

Committee on Publication — Messrs. Holden, Campbell, Valb. 

Library Committee — Messrs. Molera, Von Geldern, Hill. 

Committee on the Comet-Afedai— Messrs, Holden (eX'Officio)^ Schabbbrlb, Burck- 
halter; (and Hussev, during Mr. Schaebbrle's absence). 

OFFICERS OF THE CHICAGO SECTION. 

Executive Committee — Messrs. Douglass (Chairman), Ewbll, Pike, Thwing.' 

•LIST OF MEMBERS.*' 

Carl H. Abbott .* . ..118 iith St., Oakland, Cal. 

A. E. Adams 1 4<^ Drexel Boulevard. Chica- 

Theodore Adams ;.-... j^^i.n^''"''**^'" ^•*"*^*''P"*' 

Prof. VV. STEADMAN Al.DIS» Z / . • " { " t'^|Lk"„5'«'' ''"''''"^' 

A. B. Alexander 404 Post St., S. F., Cal. 

Prof. W. D. Alexander Honolulu, Hawaiian Islands. 

_- . . (306 Kenilworth Place, Milwau- 

H. A. Allen \ kee. Wis. 

* A star signifies Life-Membership. Addresses in italics are not within the Postal 
Union. Total membership, 493 (55 life-members). 



2 Publications of the 

Prof. Ira W. Allen 2251 Calumet Ave., Chicago, 111. 

Richard H. Allen* Chatham, Morris Co., N. J. 

Elmer L, Allor Observatory, Ann Arbor, Mich. 

Charles Altschul (K^'^l^'/lT^r^^r'^ American 

i Bank, S. F., Cal. 

Hon. Henry B. Alvord* San Jos^, Cal. 

Hon. William Alvord* 2200 Broadway, S. F., Cal. 

Mrs. William Alvord* 2200 Broadway, S. F., Cal. 

W.S. Andrews I ^1!?''" v ^V*^^l"^' ^^'''^'^ ^^'^ 

\ New York City. 

Director Angel Anguiano [ ^l*^''"^^ Observatory, Tacu- 

t baya, Mexico. 

E. M. Antoniadi Constantinople, Turkey. 

Daniel Appel {^^k!^''^^ ^^^""^^ Cleveland, 

Aoustin ARAG6N { ""c^^^^^^^^^^^^ 

F.S. ARCHENHOLD {'"''^S^^^^r''''''^''''' 

Mrs. H. R. Arndt San Diego, Cal. 

Dr. Harriet Aucutt 726 23d St., Ogden, Utah. 

William W. Austin |Vine^^^d,CutnberlandCo.,New 

Robert Stanton Avery 320 A Street, Washington, D. C. 

T \3ir D A ^,,«.^,To«. /West Hendon House, Sunder- 

T. W. Backhouse | j^^^^ England. 

r-,T*^ A Q*^^^, /Director Smith Observatory, 

Chas. a. Bacon | g^j^j^ ^^j^ 

H.D.Bacon* 960 Oak St., Oakland, Cal. 

N. Y. Bailev Early Grove, Mississippi. 

R. D.Baker 356 E. 22d St., E. Oakland, Cal. 

T. R. Bannerman 2407 Howard St., S. F., Cal. 

Dr. G. Barroeta San Luis Potosi, Mexico. 

T Racqvtt r 82 High St., Stoke Newington, 

J. Bassett ^ j^ England. 

Mrs. Caroline R. Beals Berkeley, Cal. 

Hon. John L. Beard | Warm S|Drings, Alameda Coun- 

George W. Beaver 1300 Taylor St., S. F., Cal. 

A. C. Behr 16 Union Place, Chicago, 111. 

D. P. Belknap 405 Montgomery St., S. F., Cal. 

Henry Berger {^PenT*""^ ""'" ^"^^''^"''' 

Edwin Bergh 429 5th Ave., New York, N. Y 

t> r !:<« . ^„, u r»r^«, ^«r / U. S. Weather Bureau, Wash- 
Prof. Frank H. Bigelow | j„^^^^ ^ ^ 

R. L. Bischoffsheim* 3 Rue Taitbout, Paris, France. 

Anson Stiles Blake Berkeley, Cal. 

Charles T. Blake Berkeley, Cal. 

Hon. John H. Boalt 332 Haight St., S. F., Cal. 

n f\ t>^r>,v.^ i Care J. V. Farwell & Co., Chi- 

C. O. Boring | ^^^^ ^ 



Astronomical Society of the Pcuific. 3 

Hbnry Lord BouLTON.jR* f Caracas Venezuela or Box 

'■' C 2015, New York City. 

Henry Boursin Douglas Cit>', Alaska. 

Francis Bradley Evanston, 111. 

J. A. Brashear Allegheny City, Penn. 

Rev. M. S. Brennan { \oJi^!^Ma ^'' ^^"'''^' ^^' 

Rev. A. L. Brewer San Mateo, Cal. 

Mi^. Ruth W. Brewster | ^45 Oakwood Boulevard, Chi- 

t cago. 111. 

{Hope Bank, Nelson St., Wool- 
lahra, via Sydney, New South 
Wales. 

Miss E. Brown* { ^^England^'''^''"' Cirencester. 

William Andrews Browne, M. D. . . Newton, Mass. 

J. L. Brownell Nyack, New York. 

Dr. J. D. Brownlee 754 S. 3d St., San Jos^, Cal. 

Miss C. W. Bruce* 39 E. 23d St., New York City. 

Charles Burckhalter, F.R.A.S. . \^^^^^ Observator>^ Oakland, 

D. H. BuRNHAM Rookery Building, Chicago, 111. 

Miss Harrietta C. Butler 1909 Pine St., S. F., Cal. 

Mi^s Mary E Byrd / '^^^ Observatory, Smith Col- 

Miss MARY n. nv RD ^ j^^^^ Northampton, Mass. 

Dr. J. Callandreau* 406 Montgomery St., S. F., Cal. 

A. Cameron Yarmouth, Nova Scotia. 

W.W.Campbell { ^\'ol^^ar''^^''^^^ ^^ "^'""" 

H. p. Carlton 716 19th St., Oakland, Cal. 

Andrew Carnegie* 5 West 51st St., New York Cit>'. 

O. E. Cartwr.ght { '^^lii''"'''°°'* ^^^' °^"''**'' 

CLARENCE CARV { 59^Wall St.. New York City. 

F. J. Castelhun 320 Sansome St., S. F., Cal. 

J. C. Cebrian* { ^'^t^,.*"'' "^"^^"^ ^''■' ^' ^■' 

^, „ y,K r- j Cor. nth and Madison Sts., 

Mrs. Emelie M. Chabot \ Oakland, Cal. 

,,. , _ rCor. nth and Madison Sts., 

Miss Josie Chabot \ Oakland, Cal. 

Frederick H. Chapin Hartford, Conn. 

E.K. Chapman 315 Montgomery St., S. F., Cal. 

,, , T ^ (327 W. 82d St., New York, 

Mrs. John Jay Chapman \ N. Y. 

Rev. C. M. Charroppin, S. J St. Charles, Mo. 

Isaac Y. Chubbuck Roxbuo, Mass. 

A. R. Church 1102 loth St., Oakland, Cal. 

Rev. E. Bentley Church 1036 Valencia St., S. F., Cal. 

B. G. Clapp The Academy, Fulton, N. Y. 

Dr. E. S. Clark 16 Geary St., S. F., Cal. 



\ 



4 Publications of the 

Mateo Clark* { ^^i^jj^ ^"'^ ^^^^' London, Eng- 

Miss Agnes M. Clerke {^^E^lind^ ^'^"^'^' ^^^on, 

C. H. Cochrane { '^n^^^°' ^^^^^' ^^^ ^^''^' 

Prof. C. S. Cook Keene, N. H. 

Mrs. E; E. Cook 220 Main St., Davenport, Iowa. 

Dr. George W. Cook 131 53d St., Chicago, 111. 

The Cosmos Club Washington, D. C. 

J. Costa 406 Montgomery St., S. F., Cal. 

Charles A. Crackbon 300 Scott St., S. F., Cal. 

A. W. Craig 177 8th St., Oakland, Cal. 

Homer A. Craig 1325 Alice St., Oakland, Cal. 

Hon. C. F. Crocker* {^Tr'cIi^ ^""^ ^'"^ ^^'" 

Chas. H. Crocker {^ Cal^' ^' ^^''''^^^ ^°" ^' ^" 

Miss S. J. Cunningham jswarthmo^^^^ 

Chas. S. Gushing 1669 13th St., Oakland, Cal. 

T FwKN nAvrn^nv* / Alexandra Plantation, Brans- 

J. EwEN Davidson | zomh^, Mackay, Queensland. 

Dr.J.H.DEMERiTT { 'M^n,^DT"^ ^''^" ^^'^^^" 

Col. E. A. Denicke |R<x>m4,32oSansomeSt.,S.F.. 

A.B. Depuy 1 541^ Washington St., Camden, 

W. H. Devine Nagasaki, Japan. 

Frank H. Dickev 3626 Ellis Ave., Chicago, 111. 

F. W. Dohrmann Alameda, Cal. 

John Dolbeer . . 10 California St., S. F., Cal. 

Hon. Joseph A. Donohoe* Menlo Park, Cal. 

Miss Jeannette Dougherty 410 Ellis St., S. F. 

Gavton a. Douglass 185 Wabash Ave., Chicago, 111. 

W. E. Downs Sutter Creek, Amador Co., Cal. 

Prof. Melville Dozier {^gde?°<Sl^' ^''''°°'' ^°^ ^"" 

Mrs. ANNA Palmer Draper* . . . . { 27^.Madison Ave., New York 

Dr. L. L. Dunbar 500 Sutter St., S. F., Cal. 

Miss Dunham 37 E. 36th St., New York, N. Y. 

Francis G. Du Pont Wilmington, Del. 

,, TT T^ r» / 190 Western Ave., Allegheny, 

Mrs. Herbert Du Puv < Penn 

Hon. J. Diaz Duran 204 Front St., S. F., Cal. 

Harry Durbrow 322 California St., S. F., Cal. 

Earnest I. Over | UmversUi- of California. Berke- 

Joseph G. Eastland 920 Pine St., S. F., Cal. 



Astronomical Society of the Pacific. 5 

CH.Ki.ES R. EASTMAN { "ll^e ^IrC^lrl^cigf m!L"''- 

Mrs. CHAK.HS R. EASTMAN {^ir^e^^rCam^feVaT'- 

Alfred L. Edwards 12 W. 330! St., New York City. 

Prof. George C. Edwards Berkeley, Cal. 

W. S. EiCHELBBRGER -[ Wesleyan University, Middle- 

( town, Conn. 

Capt Oliver Eldridge 615 Sutter St., S. F., Cal. 

THOMAS Gwv. ELOEK { "^Kia^ln'Snr"^ 

Ferd. Ellerman h^\l Kimbark Ave., Chicago, 

RL.J.ELX.ERV {^^ibtrrvt^sr"'^*''^' 

J. J. Evans 406 California St., S. F., Cal. 

Dr. M. D. EwELL 97 Clark St., Chicago, 111. 

Mrs. Martha McC. Ewer 15 13 Clay St, S. F., Cal. 

Warren B. Ewer 1 5 13 Clay St, S. F., Cal. 

Hon. James G. Fair* 230 Montgomery St, S. F., Cal. 

Franklin Fairbanks St Johnsbury, Vermont 

H. W. Faust 618 Harrison St, S. F., Cal. 

W. B. Featherstone 2 116 Bush St, S. F., Cal. 

F. H. Ferrington 36 Albert St, Shrewsbury, Eng. 

Mrs. J. A. Fillmore Occidental Hotel, S.-F., Cal. 

Robert Isaac Finnemore,* F. R. A. S. .Durban^ Natal^ South Africa, 

S. Wilson Fisher 1502 Pine St, Philadelphia, Pa. 

W. C. FiTZsiMMONs 517 Mason St, S. F., Cal. 

Andrew B. Forbes* 401 California St, S. F., Cal. 

George Stuart Forbes Madras, India. 

Arthur W. Foster* 322 Pine St, S. F., Cal. 

M. p. FREEMAN i^Tu'S'^Sa?'"''^'""'' 

H. C. Frick* 42 5th Ave., Pittsburg, Penn. 

Prof. Chas. W. -Friend Observatory, Carson, Nev. 

Robert D. Fry* 1812 Jackson St, S.F., Cal. 

Dr. C. G. Fuller 1 39 Central Music Hall, Chicago, 

Hon. Levi K. Fuller Brattleboro\ Vermont 

Hon. W. H. Galbraith Santa Cruz, Cal. 

John Gamble Hay wards, Cal. 

Orro VON Geldern { ^^°™ 56. 819 Market St, S. P., 

Prof. T. C. George 1316 loth St, Sacramento, Cal. 

Louis Gex Santos, Brazil. 

Gen.JoHNG.BBON. U.S. A. { "^ffi^ rF.'ca!.'"^^ """• ''" 

J. J. Gilbert Olympia, Washington. 

Tx T% /-,, , S Royal Astronomer^ Cape of 

Dr. David Gill | ^^^^ ^^^^^ ^j^^^ 

Allen F. Gillihan 135 Pandora St, Victoria, B. C. 



^ Publications of the 

L. GiLSON 2iiSansoraeSt, S. F., Cal. 

George Gleason / ^^"^^ Pasadena, Los Angeles 

I Co., Cal. 

Camilo Gonzales / ^ k'''"^L Observatory, Tacu- 

t baya, Mexico. 

Capt. Charles GooDALL* fS.E cor. McAllister and Pierce 

^ \ Sts., S. F., Cal. 

Adam Grant* (N. E. cor. Bush and Sansome 

l Sts., S. F., Cal. 

Joseph D. Grant* \^'^^ S%^Cai ^""^ Sansome 

Charles Graves Divinity Hall, Meadville, Penn. 

r Observator>% University of St. 

Prof. D. Grawe -I Petersburg, St. Petersburg, 

( Russia. 

T p r^BAv /The Lodge, Clapham Road, 

^' ^- ^^^^ \ Bedford? England. 

Andrew Greig* Belle Vue, Tayport, Scotland. 

Sir George Grey, K. C. B.* Auckland, New Zealand. 

C. P. Grimwood P. O. Box 2092, S. F., Cal. 

AlvaJ. Grover 1 137 Park Ave., Omaha, Neb. 

H. GRATTAN GUINNESS. D. D { ^'Jl^iKnllaSr"' "' ^'''' 

Miss Estella L. Guppv San Jos^, Cal. 

W. C. Gurley Marietta, Ohio. 

E. F. Haas Berkeley, Cal. 

Stephen M. Hadlev Penn College, Oskaloosa, Iowa. 

G.E.HALE (4545 Drexel Boulevard, Chica- 

l go. 111. 
W E Hale [ 4545 Drexel Boulevard, Chica- 

I go, 111. 

Prof. R. Lee Hamon Hyannis, Grant Co., Neb. 

Daniel Hanlon 1627 Jackson St., S. F., Cal. 

Miss Josephine Harker 1909 Pine St., S. F., Cal. 

Dr. H. W. Harkness { ^in^^IT^ q ^^^^,T^ ""^ ^'^'' 

\ ences, b. r., Cal. 

Wm. Sturtevant Harlow Oakland, Cal. 

Orrin E. Harmon Chehalis, Lewis Co., Wash. 

Miss Edith H. Harrison 1947 Welton St., Denver, Colo. 

uw,^„>„ u.««,^^*T /Maudeville Ave., Jersey City 

Henry Harrison | Heights, New Jersey. 

xj D.««,«,^«^ tj*««,c./^,.T / Persian Gulf Telegraph, Kara- 

H. Barrymore Harrison | ^j^j^ ^j^ Bombay, India. 

^ T- TT.« /The Oaks, North Temescal, 

Charles F. Hart | Alameda Co.. Cal. 

Prof. Mellen W. Haskell | Unrvei^Uy of California. Berke- 

O. C. Hastings Box i66. Victoria, B. C. 

F. H. Hausman . - P. O. Box 2468, S. F.,:Cal. 

Judge C. M. Hawley 1 53j^6 Washington Ave..Chicago. 

_ ,, ^ ,T fGreycliflT, Bonchurch, Isle of 

Rev. Henry C. Hawtrey | ^'i^^t ' England. 



Astronomical Society of the Pacific. 7 

Mrs. Phebe Hearst California Hotel, S. F., Cal. 

John P. Hely, C. E Cairo, 111. 

N. H. Hemiup |6o4^.5thSt.,S.E., Minneapolis, 

H. S. Herrick 13 Nevada Block, S. F., Cal. 

William E. Hess 519 Kearny St., S. F., Cal. 

David Hewes Occidental Hotel, S. F., Cal. 

George W. Hewitt Burlington, New Jersey. 

Prof. Alfred Higbie jS.W.^cor^Herce and Pine Sts., 

Hon. Henry E. Highton 528 California St., S. F., Cal. 

Hon. S. G. Hilborn 401 California St. , S. F., Cal. 

Chas. B. Hill 213 Sansome St., S. F., Cal. 

Horace L. Hill* 314 California St., S. F., Cal. 

Dr A C Hirst f Simpson MemorialChurch,S.F., 

Geo. N. Hitchcock San Diego, Cal. 

Rev. H. O. Hoffman Bloomington, 111. 

Samuel V. Hoffman* {^°Iimo"? Md"' ""'""^""'^y- ^^•" 

Charles W. HoLDEN 30 Congress St. , Boston, Mass. 

Edward ?. Holden { ^''ton. CaL ""'*°'^' "*' "^""'' 

S. E. Holden Napa, Cal. 

L.J. HoLTON 1207 Grand St., Alameda, Cal. 

MAURESHOKNER {'V'^^t^'l'^^ncfdrE.rE.^: 

William Hoskins Lagrange, Cook Co., 111. 

Prof. G. W. Hough {^toMl" ^'"^'^''**°''^' ^''^"^" 

Hon. C. Webb Howard* Pacific Union Club, S. F., Cal. 

John L. Howard 132 Market St., S. F., Cal. 

Wm Howat /358 William St., Melbourne, 

WM. rtoWAT ^ Victoria. 

Hugh Howell 2158 West St., Oakland, Cal. 

Prof. C. H. Howieson Chippewa Falls, Wis. 

Henry S. Hulbert Probate Court, Detroit, Mich. 

Prof. Alex. S. Hunter Hanover, Indiana. 

W.J. HussEv {^Ako'^cir ^"^''^''*^^'' ^^^^ 

Imperial Observatory {^Russ^^^ ""^ St. Petersburg, 

James E. Ingraham {^Fla.^* ^' ^' ^' ^''" ^'"'^''''^' 

C. W. Irish Reno, Nev. 

HERMANN IWERSEN {^TgLSapa".'"' ^""^^■' 

itr u T««.^^ /20 Boston Park Road, Brent- 

W. H. IzzARD I f^^^^ ^^r England. 

Miss Caroline C. Jackson 1379 8th Ave., E. Oakland, Cal. 

Charles H. Jackson 517 Mason St., S. F., Cal. 



8 Publications of the 

Frank Jaynes W.U. Telegraph Co., S.F., Cal. 

Nels Johnson Manistee, Mich. 

T.C.Johnston 27 Market St., S. P., Cal. 

Prof. C. N. Jones -! ^^f,^^^ J^""^ ^^^^ ^"?- f^' 

^ \ 346 Broadway, New York. 

E. B. Jordan 581 Market St., S. F., Cal. 

Hon. W. H. Jordan 328 Montgomery St., S. F., Cal. 

Christie C. Kanaga . . .- Box 158, Ogden, Utah. 

Miss Florence Bayard Kane .... Chestnut Hill, Philadelphia, Pa. 

Prof. J. E. Keeler . . . .' { '^ cV'^pl!"^^^'''^'' Allegheny 

Prof Josi AH Keep Mills College, Alameda Co., Cal. 

A. Keith Riverside, Cal. 

W. E. Keith Riverside, Cal. 

Henry A. Keller San Bernardino, Cal. 

A. E. Kennelly Edison Laboratory, Orange, N.J. 

Prof. Jefferson E. Kerschner . . . { '^c^tlf.'^Penn^'^^''''^''"^' ^" 

Rodney G. Kimball 253 Monroe St., Brooklyn, N.Y. 

Miss Laura Kimber ' . Hotel Richelieu, S. F., Cal. 

DONALD KINO {'?orEn^a"„'d"°^'"'^''^"' 

Prof. D. KiRKWOOD, LL. D Arlington Ave., Riverside, Cal. 

o,. „., T- V, ■^,^,* i Stanmore Observatory, Great 

Sydney T. Klein* | Stanmore, Middlesex, England. 

Miss Dorothea Klumpke { ^f°^^^^ Observatory, Paris, 

Wm. H. Knight {^^Ll""^^^ ^'" ^"^ ^"^*'^'' 

Edward B. Knobel Booking, Braintree, England. 

Augustus F. Knudsen Box 2139, Boston, Mass. 

ToRVALD Kohl* Odder, Denmark. 

Fr. Koeppen { P^^aty""" ^"^ ^^' ^^'""' ^^" 

C. F. DE Landero Box 34, Guadalajara, Mexico. 

-,. - ( Winkton Lodge, near Ring- 
Miss Lassell I ^QO^j^ Hants, England. 

Joseph G. Lavery 219 Sansome St., S. F., Cal. 

Walter W. Law Yonkers, N. Y. 

Miss Hannah TowNSEND Lawrence {^^^;^i!^^' ^"^ I^^^"^' New 

Prof. Andrew Cowper Lawson . . . Berkeley, Cal. 

Prof. Joseph Le Conte, LL. D Berkeley, Cal. 

Rev. Edmund Ledger, M.A.,F.R.A.S. . Claydon, Ipswich, England. 

_^ . , , f Masonic Temple, Cleveland, 

Ur. L. L. Leggett "S Ohio 

Miss Margaret Lepper Box 490, Benicia, Cal. 

. ^ - r University of California, Berke- 

A. O. Leuschner I J (-^j 

... -^ . f Care Allen & Lewis, Portland, 

Miss Emma Lewis | Oregon. 



Astronomical Society of the Pacific. 9 

V 

J. B. Lewis, C. E 126 Sparks St., Ottawa, Canada. 

John E. Lewis Ansonia, Conn. 

Dr. W, B. Lewitt f "?yf ^"^ \^%y^n2. Sts., S. F., 

I Cal. 

The City Library Lowell, Mass. 

The Newberry Library Chicago, 111. 

Adolph Lietz 422 Sacramento St., S. F., Cal. 

J. A. Lighthipe 112 Bush St., S. F., Cal. 

Prof. Louis Lisser 1241 Franklin St, S. F., Cal. 

John D. Locke Pomona, Cal. 

Henry B. Loomis Seattle, Washington. 

Tha*; T orrHRTTv-p J Chamber of Commerce Build- 

LHAS. Lolghridge ^ j^^^^ Chicago, 111. 

Charles A. Loxton Walsall, Staffordshire, England. 

Prof. GusTAV C. LuEBEN San Rafael, Marin Co., Cal. 

Frank E.LUNT | Care R. G. Lunt, Los Angeles, 

H.C.Lyon 1534 Mission St., S.F., Cal. 

Rev. RoBT. Mackenzie, D. D San Francisco, Cal. 

Roger D. Magee 20 Montgomery St., S. F., Cal. 

David Mahany { ^^^^ 55th St., New York 

Marsden M ANSON lo California St., S. F., Cal. 

F. Martens {^NeT Yo^"'" ^"^*"'' ^*'" 

Camilo Martin 41 1>^ California St., S. F., Cal. 

Hon. E. S. Martin P. O. Box 75, Wilmuigton, N. C. 

Hon. E. B. Mastick {°Caf.°^'''^ Lick Trust. S. F.. 

CHAKLHS MATSON { ^''^'a^^ing^tor"' ^''"" '^"• 

W. H. MAW {•YI.^'d'oTEngfanl:^"^"^^"' 

T- »#i- 4tiiirAT-r>Ao f Rusthall House, Tunbridge 

Frank McClean,* M. A., F. R. A. S. . | vVells, England. 

S.S.MCCLURE {"T^ChT ^""*^'"^' ^^* ^"'^ 

James Jennings McCoMB { ^^City ^ •» ^ 

F. H. McConnell 19 Montgomery St., S. F., Cal. 

John McDonough 193 28th St., Brooklyn, N. Y. 

Peter McEwen 819 Market St., S. F., Cal. 

Frank McMullen Grangers' Bank, S. F., Cal. 

Prof. Malcolm McNeill : Lake Forest, 111. 

Arthur Mee, F. R. A. S *• Western Mail," Cardiff, Eng. 

fCare of Carl Ricker, Nevsky 
J. Messer \ Prospect, No. 14, St. Peters- 

( burg, Russia. 

Prof. A. A. MiCHKLSON | University of Chicago. Chicago. 

Hon. Albert Miller* 532 California St., S. F., Cal. 



lo Publications of the 

David Miller [ ^^^ J^^Pu 1l?^i"^' Sydney, 

\ New South Wales. 

Prof. E. Miller /University of Kansas, Law- 

\ rence, Kansas. 

Miss G. J. Miller 307 17th St., Portland, Oregon. 

Mild H.Miller {^Pen^^*^* Allegheny Co., 

Hon. D. O. Mills* 15 Broad St., New York City. 

Judge F. W. Miner Providence, R. I. 

E. J. Molera 850 Van Ness Ave., S.F., Cal. 

W. H. S. Monck { '^irefand!''^ Terrace, Dublin, 

Hon. Alexander Montgomery* , . {^s.T'of """"^ ^^"^■''' ^^^" 

Mrs. Alexander Montgomery* . . { ^ s^/p^'cll .^ ^""^ ^^"^■*'' ^^" 

Beverly K. Moore 56 Bedford St., Boston, Mass. 

James Moore 310 California St., S. F., Cal. 

Prof. Ira More {^cT* ^"^"^^^ ^^ Angeles. 

C.Moorman WhatCheer, Keokuk Co., Iowa. 

Fremont Morse, U. S. C. &G. Survey . P. O. Box 2512, S. F., Cal. 

wi^. c iijr^c.^c /Turk St., bet. Masonic and 

Wm. S. Moses | p^^,^^^ ^^^3 S P ^al. 

C. A. MuRDOCK 826 Green St., S. F., Cal. 

Hon. B. D. Murphy* Sanjos^, Cal. 

H. F. NHWA...- F. R. A. s {''''^x^^::'^ix:^:''^^'' 

C. J. Nickerson St. Helena, Napa Co., Cal. 

G. W. Nicolls Caixa 776, Rio de Janeiro, Brazil. 

P. Noordhoff Groeningen, Holland. 

Charles Nordhoff Coronado, Cal. 

Hon. William Norris 927 Bush St., S. F., Cal. 

Miss Rose O'Halloran 2209 Fillmore St., S. F., Cal. 

Warren Olney 481 Prospect Ave., Oakland, Cal. 

Miss M. A. Orr Beverley, Armidale, N. S. W. 

F. S. Osborne Montauk Block, Chicago, 111. 

M. M. O'Shaughnessy 2010 Eddy St., S. F., Cal. 

Oxford College Oxford, Ohio. 

/^ T- r» ^.^, / Room 40, U. S. Custom House, 

Oliver E. Pagin | Chicago, 111. 

T c Pwi^iri, /Department of Agriculture, 

1. b. I^almer ^ Washington, D. C. 

Dr. George C. Pardee 526 Montgomery St., S. F., Cal. 

James L. Park Braddock, Pa. 

H F Papitpp / 57 Railroad Ave., E. E., Bridge- 

rt. 1.. barker ^ p^j^^ Qoxiv\. 

John A. Parkhurst Marengo, McHenry Co., 111. 

John Partridge 214 California St., S. F., Cal. 

Dr. S. C. Passavant Powers Hotel, Rochester, N.Y. 

TO. / Harford Ave. and Forrest St., 

John Paften | Baltimore, Md. 



Astronomical Society of the Pacific. n 

Miss Elizabeth H. Pearson .... 1^'?,^^^^" ""^ ^^^^ ^^s^^"» 

t Mass. 

Miss Clara A. Pease High School, Hartford, Conn. 

Miss Pendleton 1522 Locust St., Philadelphia, Pa. 

Hon. Geo. C. Perkins* Oakland, Cal. 

Prof. H. B. Perkins / University of Southern Califor- 

l nia, Los Angeles, Cal. 

C. D. Perrine 2X1 Clay St, S. F., Cai. 

John Perry, Jr Occidental Hotel, S. F., Cal. 

Alanson H. Phelps 220 Mission St., S. F., Cal. 

Hon. T. Guy Phelps Belmont, Cal. 

Henry Phipps, Jr.* { ^ b'ur|* Penn'^^^ ^ ^°'* ^'^^' 

Archie B. Pierce | Urn versky of California, Berke- 

Lawrence H. Pierson Pacific P. L. Co., S. F., Cal. 

Hon. Wm. M. Pierson, F. R. A. S. . {^\l^^^ ^*"^ Building, S. F.. 

O. A. L. PiHL Christiania, Norway. 

RuTHVEN W. Pike* 166 La Salle St., Chicago, 111. 

Charles Lane Poor {^""timo"? Md"^ ^"'""^^^^^^ 

Thomas Porter Lauriston, Ballarat, Australia. 

Charles A. Post Bayport, Long Island, N. Y. 

THOMAS PRATHER { ^''Saklal^Car ^'""^ ^"''' 

Manuel G. Prieto Tacubaya, Mexico. 

Prof. H. S. PRiTCHKTT {%^^S^.St.LoSMf'°" 

C. PUDDKFOOT {^SMkh"** Brush Sts., De- 

Edward Thomas Purser Healdsburg, Cal. 

FHOOOKO QumxAso { ""Saf M^Jicr^'^'^' '"''"■ 

Miss Grace Rand Lombard, Illinois. 

A. COWPHK RANVAKB- { ",„trondo"'an''r'''"'^ 

ALBERT RAYMOND { ^^ p.^'lal^'"''"'*''* Buildidg. 

Wm. G. Raymond Berkeley, Cal. 

Norman B. Ream 1901 Prairie Ave., Chicago, 111. 

ALFRED P. Redington | Second and Stevenson Sts. , S. F. 

D-^f T ir D^wo /Observatory of Columbia Col- 
Prof. J. K. KEES I l^gg^ ^^^ York City. 

Edward B. Reilley 1 1812^ ChrisUan St., Philadelphia, 

M. Reiman { ^325 Drexel Boulevard, Chica- 

l go, 111. 

FRANCSCO RODRIGUEZ RBY { ^t^^a^ MeS"''"'^' ■"""■ 

V.J. A. Rby 829 Union St., S. F., Cal. 



1 2 Publications of the 

Rev. J. L. RiCARD, S. J Santa Clara, Cal. 

Mrs. W. CJ. Rick 13 Elk St., Albany, N. Y. 

Allan D. RiSTEEN { ^''coi?^^^""' ^''^'* "^'^''^'^' 

G. W. RiTCHEY |59|j6j ^ri%\i\. St., Englewood, 

G. P. RiXFORD 1713 Pierce St., S. F., Cal. 

Isaac Roberts Crowboro, Sussex, England. 

N. A. Robinson i^"^ ^' 430 Kearny St., S. F., 

T. A. Robinson 320 Post St., S. F., Cal. 

Hon. Arthur Rodgers Nevada Block, S. F., Cal. 

F. B. RODOLPH 1 969 Washington St., Oakland, 

Dr. W. H. Rollins 250 Marlboro St., Boston, Mass. 

Mrs. G. J. RooTE Mansfield, Wright Co., Mo. 

A. W. Rose, Jr 224 California St, S. F., Cal. 

George A. Ross 1034 Fair Oak St., S. F., Cal. 

The Earl of Rosse { ^ knd^^^^' Parsonstown, Ire- 

JoHN R. RucKSTELL 53oGolden Gate Ave., S. F., Cal. 

Rev. E. H. RUDD, D. D {^^11^^"^'^ ^''*''^^' Knoxville. 

G. N. SAEGMULLER { ^Tve!^rshfngS^^^^ ^.^2:^^'^" 

Joseph C. Sala 429 Montgomery St., S. F., Cal. 

J. M. SCHAEBERLE { H*ol°(^r'"°'^' ^^' "*"""' 

Herman Schussler Pacific Union Club, S. F., Cal. 

Henry T. Scott Box 2128, S. F., Cal. 

Hon. Irving M. Scott 507 Harrison St., S. F., Cal. 

JAMES L. SCOTT {^S^LJg^ht^cl'hin^a^"" * '^"' 

Rev. George M.SHAKUE { ''totkS a C.°' ''"'"'"• 

-r T T ct:.*, / University of Chicago, Chicago, 

1. J. J. :>EE -^ jjj 

Dr. J. M. Selfridge Box 37, Oakland, Cal. 

EOWAROPERRONET SELLS { "^^sU'lt^tS" ^'^''''^' 

Garrett P. Serviss 8 Middagh St, Brooklyn, N. Y. 

f Observatory, University of St. 

Prof. A. Shdanow \ Petersburg, St. Petersburg, 

( Russia. 

Dr. T. Steele Sheldon, F. R. A. S. . . Parkside, Macclesfield, Eng. 

Hon. Robert Sherwood 303 California St., S. F., Cal. 

A.L.Smith 23 Washington St., Chicago, |I11. 

Ch as. S. Smith* 25 W. 47th St., New York City. 

Frank L. Smith 25 Elm St., Oshkosh, Wis. 

FRANK M. Smith | Care D.B.Fisk& Co.. Chicago. 

H. Stephenson Smith 428 California St, S. F., Cal. 



Astronomical Society of the Pacific. 13 

Melville Smith 24 Winthrop St., Augusta, Me. 

Wm. F. Smith 2426 Pine St., S. F., Cal. 

Samuel SoNNENFELD 331 Kearny St., S. F. 

Prof. F. SouLE Observatory, Berkeley, Cal. 

Roger Sprague Napa College, Napa. Cal. 

Dr. Hezekiah Starr {"^^N- liberty St.. Baltimore. 

J. F. Steward 1135 Dunning St., Chicago, 111. 

Rev. GEORGE STOKES { ^ySe^il^Tand^'^""^''' 

President C. C. Stratton {™gon.^ University, Salem, 

Prof. W. H. VON Streeruwitz . . . . P. O. Box 465, Austin, Texas. 

Prof. I. Str INGHAM, Ph. D Berkeley, Cal. 

S. H. Strite 316 Sacramento St., S. F., Cal. 

Hon. Demas Strong 71 Broadway, Brooklyn, N. Y. 

George H. Strong 220 Market St., S. F., Cal. 

Miss Henrietfa Strong f "The Virginia,- Rush St., Chi- 

t cago, 111. 

Mrs. William Emerson Strong . i "The Virginia.- Rush St., Chi- 

L cago, 111. 

Dr. M. J. Sullivan 30 Post St., S. F., Cal. 

W. T. SuLZER Louisville, Ky. 

Hon. A.SUTRO* |3o^Montgomery Block, S. F., 

H. C. Swain 11 07 Post St., S. F., Cal. 

Prof. Wm. Svmmonds Santa Rosa, Cal. 

Harry W. Svz 410 California St., S. F., Cal. 

Miss Abby Taft Box 45, College Park, Cal. 

C. F. A. Talbot 204 California St., S. F., Cal. 

C.L.Taylor 709 Bush St., S. F., Cal. 

Prof. J. M. Taylor State University, Seattle, Wash. 

Dr. JesCs MuSoz Tebar Caracas, Venezuela, S. A. 

ToHN Tkrbutt / Observatory', Windsor, New 

JOHN lEBBLTT ^ g^^^j^ Wales. 

I. E. Thayer 204 Front St., S. F., Cal. 

Dr Torn M Thome* / National Observatory, Cordo- 

Dr. JOHNM. IHOME j ba, Argentine Republic. 

Prof. C. B.Thwing | North westernUniversity, Evans- 

C. W. TiEDEMANN 3X2 6th St., S. F., Cal. 

Richard M. Tobin Hibernia Bank, S. F., Cal. 

Frederick C. Torrey io8 Grant Ave., S. F., Cal. 

Hon. J. W. Towner Santa Ana, Orange Co., Cal. 

S. D. TowNLEV I Umvershy of California, Berke- 

J. P. Treanor 320 Sansome St., S. F., Cal. 

Prof. C. W. Treat Observatory, Napa, Cal. 

Hon. Alfred L. TuBBS* 6ii Front St., S. F., Cal. 

Henrv J. Turner* J Wood ville, Rappahannock Co., 



^4 Publications of the 

Miss M. J. Turner u Faxon Ave., Quincy, Mass. 

Prof. L. W. Underwood i Underwood Observatory, Ap- 

I pleton, Wisconsin. 

Miss Sara Carr Upton f 2109 Pennsylvania Ave., Wash- 

l ingto^, D. C. 

Senor Francisco Valiente San Jos^, Costa Rica. 

Felipe Valle ] ^u ^"""^L Ot)servatory, Tacu- 

t baya, Mexico. 

J. M.VanSlyke { ^9^is ^^"''^'"^y ^^- Madison, 

M. A. Veeder, M. D Lyons, New York. 

P. V. Veeder, D. D Berkeley, Cal. 

Rudolph E. Voigt 207 California St., S. F., Cal. 

Rev. Jacob Voorsanger 2316 California St., S. F., Cal. 

Joseph B. Walker ] Sampson & Hendricks Build- 

•^ \ ing, Austin, Texas. 

rCare of Warner & Swasey, 

W. R. Warner \ East Prospect St, Cleveland, 

I Ohio. 

Prof. L. Weinek [ Imperial Observatory, Prague, 

\ Austro- Hungary. 

Prof L. G.Weld { ^^o^a^"'''^'^'^^' ^"""^^ ^'^^'' 

President Andrew D. White* .... Ithaca, N. Y. 

E. J. White [ Observatory, Melbourne, Vic- 

Frederick H. Whitworth Seattle, Wash. 

A.SXA..KVW..UAMS { ^^^^sT'ShVorESand!""' 

Rev. E. F. Williams. D. D {^^clgo^ur' Boulevard. Chi- 

Mrs. Mary H. Willmarth* 222 Michigan Ave., Chicago, 111. 

James A. Wilson 1321 Steiner St., S. F., Cal. 

J. Howard Wilson 753 Carroll St., Brooklyn, N. Y. 

Miss Mary E. Wilson { ^'Ld? cir"* ^^'''^*'^' ^^^' 

William C. WiNLOCK j Smhhsonian Ijistitution. Wash- 

i St. Petersburg, Petersburg Side, 

Colonel B. Witkovsky* \ Great Prospect h. 8, 1. 5, 

C Russia. 

Mrs. Richard Wood 243 Ridge Ave., Allegheny, Pa. 

Mrs. Harriet F. Wright iiii Corona St., Denver, Colo. 

Rev. J. H. Wythe, D. D 825 14th St., Oakland, Cal. 

Chas. G. Yale 220 Market St., S. F., Cal. 

John H. Yoell San Jos^, Cal. 

Edward B. Young 430 Montgomery St., S. F., Cal. 

TuLLY T. Young 702 Powell St., S. F., Cal. 

Frederick W. Zeile* 308 Market St., S. F., Cal. 

Prof. C. V. Zenger Smichow, Prague, Bohemia. 

F. R. Ziel 410 California St., S. F., Cal. 



Astronomical Society of the Pacific. 15 



LIST OP CORRBSPONDINO OBSBRVATORIBS AND INSTITUTIONS. 



[Arranged Alphabetically by Cities.] 

Dudley Observatory, Albany, New York. 

Observatory, Algiers, Africa. 

Allegheny Observatory, Allegheny, Penn. 

Lawrence Observatory, Al||herst, Mass. 

Detroit Observatory, Ann Arbor, Michigan 

Observatory, Armagh, Ireland. 

Library, University of California, Berkeley, Cal. 

Redaction Berliner Jahrbuch, Berlin, Germany. 

Royal Observatory, Berlin, Germany. 

Gesellschaft Urania, Berlin, Germany. 

Observatory, Berne, Switzerland. 

University Observatory, Bonn, Germany. 

Observatory, Bordeaux, France. 

Royal Observatory, Uccle, Brussels, Belgium. 

University Observatory, Cambridge, England. 

Harvard College Observatory, Cambridge, Mass. 

Royal Observatory t Capetown^ Africa, 

Astronomical Society, Chicago, Illinois. 

University Observatory, Christiania, Norway. 

University Observatory, Cincinnati (Mt. Lookout), Ohio. 

Litchfield Observatory, Clinton, New York. 

National Observatory, Cordoba, Argentine^Republic. 

Chamberlin Observatory, Denver, Colorado. 

Astronomical Society of Michigan, Detroit, Michigan. 

University Observatory, Dorpat, Russia. 

Trinity College Observatory, Dublin, Ireland. 

Royal Observatory, Edinburgh, Scotland. 

Lick College, Fredericksburg, Lebanon Co., Pennsylvania. 

Observatory, Geneva, Switzerland. 

College Observatory, Georgetown, District of Columbia. 

Morrison Observatory, Glasgow, Missouri. 

University Observatory, Glasgow, Scotland. 

Ducal Observatory, Gotha, Germany. 

Royal Observatory, Greenwich, England. 

Observatory, Hamburg, Germany. 

Shattuck Observatory, Hanover, New Hampshire. 

University Observatory, Helsingfors, Russia. 

Ducal Observatory, Karlsruhe, Germany. 

University Observatory, Kasan, Russia. 

University Observatory, Kiel, Germany. 

University Observatory, Koenigsberg, Germany. 

Royal Observatory, Kopenhagen, Denmark. 

Observatory, La Plata, Argentine Republic. 



i6 Publications of the 

University Observatory, Leyden, Holland. 
. Astronomische Gesellschaft, Leipzig, Germany. 
University Observatory, Leipzig, Germany. 
Royal Observatory, Lisbon, Portugal. 
Astronomical Society, Liverpool, England. 
British Astronomical Association, London, England. 
British Museum, London, England. 
Royal Astronomical Society, London, England. 
The Nautical Almanac, London, England. 
University Observatory, Lund, Swed^. 
Observatory, Lyons, France. 
Washburn Observatory, Madison, Wisconsin. 
Observatory, Madras, India. 
Royal Observatory, Madrid, Spain. 
Observatory, Marseilles, France. 
Observatory. Melbourne, Victoria. 
Stanford University, Menlo Park, California. 
Royal Observatory, Milan, Italy. 
University Observatory, Moscow, Russia. 
Lick Observatory, Mt Hamilton, California. 
Royal Observatory, Munich, Germany. 
Royal Observatory, Naples, Italy. 
Observatory, NeuchAtel, Switzerland. 
University Observatory, New Haven, Connecticut 
Observatory, Nice, France. 

Observatory of Carleton College, Northfield, Minnesota. 
Chabot Observatory, Oakland, California. 
Radcliffe Observatory, Oxford, England. 
University Observatory, Oxford, England. 
Royal Observatory, Palermo, Italy. 
Bureau des Longitudes, Paris, France. 
Astronomical Society of France, Paris, France. 
National Observatory, Paris, France. 
Astrophysikalisches Observatorium, Potsdam, Germany. 
University Observatory, Prague, Austro-Hungary. 
Halstead Observatory, Princeton, New Jersey. 
Imperial Observatory, Pulkowa. Russia. 
Observatory, Rio de Janeiro, Brazil. 
Observatory of the Roman College, Rome, Italy. 
Italian Spectroscopic Society, Rome, Italy. 
California Academy of Sciences, San Francisco, CaL 
Mercantile Librar>', San Francisco, Cal. 
Mechanics' Institute Library, San Francisco, Cal. 
Technical Society of the Pacific Coast, 819 Market Street, San Fran- 
cisco, Cal. 
Observatory, Santiago, Chile. 
University Observatory, Stockholm, Sweden. 
University Observatory, Strassburg, Germany. 
Observatory of Sydney, New South Wales. 



Astronomical Society of the Pacific. 17 

National Observatory, Tacubaya, Mexico. 

University Observatory, Tokio, Japan. 

Observatory, Toulouse, France. 

University Observatory, Upsala, Sweden. 

McCormick Observatory, University of Virginia, Virginia. 

Imperial Observatory, Vienna, Austria. 

Von KuFFNER'sches Observatory, Ottakring, Vienna, Austria. 

The American Ephemeris, Washington, District of Columbia. 

Library of Congress, Washington, District of Columbia. 

National Academy of Sciences, Washington, District of Columbia. 

Naval Observatory, Washington, District of Columbia. 

Smithsonian Institution, Washington, District of Columbia. 

U. S. Coast and Geodetic Survey, Washington, District of Columbia. 

Library U. S. Military Academy, West' Point, New York. 

¥"\^\d Observatory, Williamstown, Mass. 

Observatory, Zurich, Switzerland. 



i8 Publications of the 



BY-LAWS 

OF THB 

ASTRONOMICAL SOCIETY OF THE PACIFIC* 



ARTICLE I. 



This Society shall be styled the Astronomical Society of the 
Pacific. Its object shall be to advance the Science of Astronomy, and 
to diffuse information concerning it. 

ARTICLE II. 

This Society shall consist of Active and Life members, to be elected 
by the Board of Directors. 

1. Active members shall consist of persons who shall have been 
elected to membership and shall have paid their dues as hereinafter 
provided. 

2. Life members shall consist of persons who shall have been elected ' 
to life membership and shall have paid $50 (fifty dollars) to the Treas- 
urer of the Society. 

3. A certain number of Observatories, Academies of Science, Astro- 
nomical Societies, Institutions of Learning, etc., not to exceed one hun- 
dred, shall be designated by the Board of Directors as Corresponding 
Institutions, and they shall receive the publications of this Society in 
exchange or otherwise. 

ARTICLE in. 

At each annual election there shall be elected a Board of eleven 
Directors, and a Committee on Publication, consisting of three members. 
The officers of this Society shall be a President, three Vice-Presidents, 
two Secretaries and a Treasurer. The Directors shall organize imme- 
diately after their election, and elect from their number the officers of 
the Society. They may also appoint a Librarian, and such other assist- 
ants as may be required. The Directors shall fill by appointment any 
vacancies which may occur after the annual election. 

The Library of the Society shall be kept in San Francisco, and shall 
be open to the use of all the members. 

ARTICLE rv. 

The President, or, in his absence, one of the three Vice-Presidents, 
or, in the absence of both the President and the Vice-Presidents, any 
member whom the Society may appoint, shall preside at the meetings of 
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the Sodety. It shall be the duty of the President to preserve order, to 
regulate the proceedings of the meetings, and to have a general super- 
vision of the affairs of the Society. The President is ex-officio a member 
of all Committees of the Board of Directors. 

ARTICLE V. 

The Secretaries shall keep, and have the custody of, the records ; 
they shall have the custody of all other property of the Society, except- 
ing the mon^y thereof; they shall give timely notice of the time and 
place of meetings ; they shall keep in books a neat and accurate record 
of all orders and proceedings of the Society, and properly index them ; 
they shall conduct the correspondence of the Society ; they shall pre- 
serve and index the originals of all communications addressed to the 
Sodety ; and keep a copy of all their letters, properly indexed ; and they 
shall prepare for publication an accurate summary of the transactions of 
the Society at each of its meetings. 

ARTICLE VI. 

The Treasurer shall receive and deposit in such bank as may be 
designated by the Directors, to the credit of the Society, all donations 
and bequests of money and all other sums belonging to the Sodety. He 
shall keep an account of all money received and paid by him, and at the 
annual meetings shall render a particular statement of the same to the 
Sodety. Money shall be paid by him only on the written order of 
the Finance Compiittee of the Board of Directors. He shall give such 
bonds as may be required by the Board of Directors. 

ARTICLE VII. 

Candidates for active or life membership may be proposed by any 
member of the Society to either of the Secretaries, in writing. A list of 
such candidates shall be certified to the Board of Directors by the Sec- 
retaries at each of their meetings, in writing. A majority (not less than 
three) of the Directors present at any such meeting shall be required for 
election. 

ARTICLE VIII. 

Each active member shall pay an annual subscription of five dollars, 
due on the first of January of each year, in advance. Each active men> 
ber shall, on his election, pay into the Treasury of this Society the sum of 
five dollars, which shall be in lieu of the annual subscription to the first 
of January following his election, and in lieu of an initiation fee. No one 
shall be deemed an active member, or receive a diploma, until he has 
signed the register of members, or accepted his election to membership 
in writing, and paid his dues for the current year. Any member may be 
rdeased from annual dues by the payment of fifty dollars at one time, 
and placed on the roll of life members by the vote of the Board of Di- 
rectors. Any failure on the part of a member to pay his dues within six 
months after the time the same shall have become payable, shall be con- 
sidered equivalent to a resignation. 
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ARTICLE IX. 

The annual meeting of this Society shall be held on the last Saturday 
in March, at eight o'clock p. m., at the rooms of the Society in San Fran- 
cisco ; and meetings shall be held for the ordinary transactions and pur- 
poses of the Society, as follows : 

Meetings shall be held in the Library of the Lick Observatory, Mount 
Hamilton, at a suitable hour on the second Saturday of June and the 
first Saturday of September ; and meetings shall be held in the rooms of 
the Society, in San Francisco, at eight o'clock p. m., on the last Satur- 
days of January, March and November. 

A special meeting may be called by the President, or, in his absence 
or disability, by one of the Vice-Presidents, or, in the absence or dis- 
ability of both the President and the Vice-Presidents, by the Secretary, 
on the written requisition of ten active or life members ; and the object 
of such meeting shall be stated in the notice by which it is called. 

The annual election shall be held on the day of the annual meeting, 
between the hours of 8:15 and 9 p. m. 

No member shall be permitted to vote at any meeting of the Society 
who has not paid all his dues for past and current years. There shall be 
no voting by proxy. 

ARTICLE X. 

Fifteen active or life members shall be a quorum for the transaction 
of business. 

ARTICLE XI. 

No papers or manuscripts shall be published by the Society without 
the consent of the Directors. Any motion to print an address, or 
other paper read before the Society, or any other matter belonging to 
the Society, shall be referred to the Committee on Publication, who shall 
report to the Directors. The Committee on Publication may make sug- 
gestions to the Directors, from time to time, with reference to the publi- 
cation of such papers as in their judgment should be published by the 
Society ; and this Committee shall have the care, direction and super- 
vision of the publication of all papers which the Directors may authorize 
to have published. 

Members of the Society shall receive all the publications of the 
Society free of charge. 

ARTICLE XII. 

This Society may, by a vote of a majority of all its active and life 
members, become a branch of an American Astronomical Society, 
should one be formed. 

ARTICLE XIII. 

It shall be the duty of the Directors, in case any circumstances shall 
arise likely to endanger the harmony, welfare or good order of the 
Society, to call a special meeting of the Society; and if, at such meeting, 
after an examination of the charges, and hearing the accused, who shall 
have personal notice of such proceedings, it shall be proposed that the 
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offending member or members shall be expelled, a vote by ballot shall 
be taken, and if two-thirds of the members present vote in favor thereof, 
the offending member or members shall be expelled, 

ARTICLE XIV. 

The Directors shall meet half an hour before the stated time of each 
bi-monthly meeting, and at such other times as they may appoint. The 
President, or, in his absence, any one of the Vice-Presidents, may call 
special meetings of the Board of Directors at any time. Notice of the 
time and place of such meeting shall be given by the Secretaries, by 
depositing in the post-office at San Francisco a notice of the time and 
place, addressed to each Director personally, at his last known place of 
residence, with the postage thereon prepaid, six days before the time of 
meeting. 

ARTICLE XV. 

The By-Laws may be amended at any time by a consenting vote of 
nine members of the Board of Directors at any duly called meeting 
thereof. 

ARTICLE XVI. 

In order to increase the usefulness of the Society, any groups of its 
members residing in the same neighborhood (except in the City and 
County of San Francisco, State of California) are authorized to form local 
organizations which shall be known as *'The Section of the Astro- 
nomical Society of the Pacific." 

No Section shall be formed except by the consent of the Board of 
Directors of the parent Society. 

The proceedings of such Sections may be printed in the Publications 
of the Astronomical Society of the Pacific, either in full or in abstract, 
and the parent Society shall not be in any way responsible for publica- 
tions made elsewhere. 

No person not a member of this Society in good standing shall be 
eligible to membership in a Section, nor shall membership in a Section 
interfere in any way with the status of the person as a member of this 
Society. 

The special expenses of each Section shall be borne by the group of 
members composing it, and this Society shall not be liable for any debts 
incurred by any Section. 
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MARS.^ 



By Sir Robert S. Ball, F. R. S. 

"It can hardly be urged that the general interest which has 
been expressed in regard to the opposition of Mars this year is 
merely due to the exigencies of the dull season. The newspapers, 
crowded as they are with their staple political matters, can still 
make room for paragraphs, columns, and even for long articles 
on the phenomena of our neighboring globe. It is worth while 
to examine the circumstances which have led to the direction of 
so much attention to this particular heavenly body at this partic- 
ular time. 

2K ?K «^ #c> ^^ ?|Q tf^ »^ 

From one cause or another, it happens that Mars is the most 
world-like of all the other globes which come within the range of 
effective observation. It would, indeed, be very rash to assert 
that other bodies may not have a closer resemblance to our earth 
than Mars has, but of them we have either little knowledge, as 
in the case of Veniis^ or no knowledge at all. No doubt both 
Jupiter and Saturn can vie with Mars in the copiousness of detail 
with which they delight the astronomers who study them. These 
grand planets are deserving of every attention, but then the in- 
terest they excite is of a wholly different kind from that which 
makes a view of Mars so attractive. Jupiter offers us a meteor- 
ological study of the most astounding cloud-system in creation. 
Saturn gives an illustration of a marvelous dynamical system the 
like of which would never have been thought possible had it not 
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actually presented itself to our notice. But the significance of 
Mars is essentially derived from those points of resemblance to 
the earth which are now engrossing attention. Mars is clearly a 
possible world, presenting both remarkable analogies and re- 
markable contrasts to our own world, and inducing us to put 
forth our utmost endeavors to utilize so exceptional an occasion 
as that presented in the close approach which it has now made. 
Let us see what we have learned about this globe. 

In the first place, it should be noticed that Mars must be a 
small world in comparison with our own. The width of this 
globe is only 4200 miles, so that its volume is but the seventh 
part of that of the earth. The weight of Mars is even less than 
what might have been expected from his bulk. It would take 
nearly ten globes, each as heavy as MarSy to form a weight equal 
to that of the earth. This fundamental difference in dimensions 
between Mars and our globe is intimately connected with certain 
points of contrast which it offers to the earth. Of these the most 
important is that which concerns the atmosphere. When we 
consider the qualification of a globe as a possible abode for or- 
ganic beings, it is natural to inquire first into the presence or the 
absence of an atmosphere. Seeing that our earth is enveloped 
by so copious a shell of air, it follows that the beings which dwell 
upon its surface must be specially adapted to the conditions which 
the atmosphere imposes. Most, if not all, animals utilize this 
circumstance by obtaining a proximate source of energy in the 
union of oxygen from the atmosphere with oxidizable materials 
within their bodies. In this respect the atmosphere is of such 
fundamental importance that it is difficult for us to imagine what 
that type of life must be which would be fitted for the inhabitants 
of an airless globe. In other respects, which are hardly less im- 
portant, the conditions of life are also dependent on the fact that 
we live at the bottom of an ocean of air. It is the atmosphere 
which, to a large extent, mitigates the fierceness with which the 
sun's rays would beat down on the globe if it were devoid of such 
protection. Again, at night, the atmospheric covering serves to 
screen us from the cold that would otherwise be the consequence 
of unrestricted radiation from the earth to space. It is, therefore, 
obvious that the absence of a copious atmosphere, though per- 
haps not absolutely incompatible with life of some kind, must still 
necessitate types of life of a wholly different character from those 
with which we are familiar. In attempting, therefore, to form an 
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estimate of the probability of life on another world, it is of essen- 
tial importance to consider whether it possesses an atmosphere. 

We may here lay down a caiion which appears to be pretty 
general among the celestial bodies which are accessible to our 
observations. It may be thus stated. The larger the body the 
more copious the atmosphere by which that body is surrounded. 
Of course this rule has to be understood with certain qualifica- 
tions, and perhaps some exceptions to it might be suggested, but 
as a broad general fact it will hardly be questioned. Thus, to 
take at once the largest body of our system and one of the small- 
est — the sun and moon — they both provide striking exemplifica- 
tions of the principle in question. It is well known that the sun 
is enveloped by an atmosphere alike remarkable for the prodig- 
ious extent that it occupies and for the copiousness of the gases 
and vapors that abound in it. On the other hand, the moon, 
which is by far the smallest of the bodies readily accessible to our 
observations, is, if not entirely devoid of gaseous investment, at 
all events only provided with the scantiest covering of this nature. 
But the chief interest that the principle we have laid down pos- 
sesses, is found in the explanation which has been given of it. 
That explanation is both so recent and so remarkable that I am 
glad here to have the opportunity of setting it forth, as it has an 
important application to Mars, The view of the subject here 
given is due to Dr. G. Johnstone Stone y, F. R. S., who re- 
cently communicated it to the Royal Dubliif Society. 

Modern research has demonstrated that what we call a gas is 
in truth a mighty host of molecules far too small to be perceptible 
by the most powerful microscope. Each of these molecules is 
animated by a rapid movement, which is only pursued for a short 
distance in one direction before a rencontre takes place with some 
other molecule, in consequence of which the directions and veloc- 
ities of the individual molecules are continually changing. For 
each gas the molecules have, however, a certain average pace, 
which is appropriate to that gas for that temperature, and when 
two or more gases are blended, as in our atmosphere, then each 
molecule of the constituent gases continues to move with its own 
particular speed. Thus, in the case of the air, the molecules of 
oxygen, as well as the molecules of nitrogen, are each animated 
by their characteristic velocity, and the same may be said of the 
molecules of carbonic acid or of any other gas which in more or 
less abundance may happen to be diffused through our air. For 
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two of the chief gases the average velocities of the molecules are 
as follows : oxygen, a quarter of a mile per second ; hydrogen, 
one mile per second ; in each case the temperature is taken to be 
64° C. below zero, being presumably that at the confines of the 
atmosphere. It will be noticed that there is a remarkable differ- 
ence between the speeds of the two molecules here mentioned. 
That of hydrogen is by far the greatest of any gas. 

We may now recall a fundamental fact in connection with any 
celestial body, large or small. It is well known that, with the 
most powerful pieces of artillery that can be forged, a projectile 
can be launched with a speed of about half a mile per second. If 
the cannon were pointed vertically upwards the projectile would 
soar to a great elevation, but its speed would gradually abate, 
and the summit of its journey would be duly reached, after which 
it would fall back again on the earth. Such would undoubtedly 
be the case if the experiment were made on a globe resembling 
our own in size and mass. But on a globe much smaller than 
the earth, not larger, for instance, than are some of the minor 
planets, it is certain that a projectile shot aloft from a great Arm- 
strong gun would go up and up, and would never return. The 
lessening gravitation of the body would fail to recall it. Of 
course we are here reminded of Jules Verne's famous Colum- 
biad. According to that philosopher, if a cannon were pointed 
vertically and the projectile were discharged with a speed of seven 
miles a second, it would soar aloft, and whether it went to the 
moon or not, it would at all events not return to the earth except 
by such a marvelous series of coincidences as those which he has 
described. But the story will, at all events, serve to illustrate the 
fact that for each particular globe there is a certain speed with 
which if a body leaves the globe it will not return. 

It is a singular fact that hydrogen in its free state is absent 
from our atmosphere. Doubtless many explanations of a chemi- 
cal nature might be offered, but the argument Dr. Stonev has 
brought forward is most interesting, inasmuch as it shows that the 
continued existence of hydrogen in our atmosphere would seem 
to be impossible. No doubt the average speed at which the 
molecules of this gas are hurrying about is only one mile a second, 
and therefore only a seventh of the critical velocity required to 
project a missile from the earth so as not to return. But the 
molecules are continually changing their velocity, and may some- 
times attain a speed which is seven times as great as the average. 
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Suppose, therefore, that a certain quantity of hydrogen were dif- 
fused through our air, every now and then a molecule of hydro- 
gen in its wandering would attain the upper limit of our atmos- 
phere, and then it would occasionally happen that with its proper 
speed it would cross out into space beyond the region by which 
its movements would be interfered with by the collisions between 
other atmospheric molecules. If the attraction of the earth was 
sufficient to recall it, then, of course, it would duly fall back, and 
in the case of the more sluggishly moving atmospheric gases the 
velocity seems always small enough to permit the recall to be 
made. But it happens in the case of hydrogen that the velocity 
with which its molecules are occasionally animated rises beyond 
the speed which could be controlled by terrestrial gravity. The 
consequence is that every now and then a molecule of hydrogen 
would succeed in bolting away from the earth altogether, and 
escaping into open space. Thus it appears that every molecule 
of free hydrogen which happened to be present in an atmosphere 
like ours would have an unstable connection with the earth, for 
wherever in the vicissitudes of things it happened to reach the 
very uppermost strata it would be liable to escape altogether. In 
the course of uncounted ages it would thus come to pass that the 
particles of hydrogen would all effect their departure, and thus 
the fact that there is at present no free hydrogen in the air over 
our heads may be accounted for. 

If the mass of the earth were very much larger than it is, then 
ther velocities with which the molecules of hydrogen wend their 
way would never be sufficiently high to enable them to quit the 
earth altogether, and consequently we might in such a case ex- 
pect to find our atmosphere largely charged with hydrogen. 
Considering the vast abundance of hydrogen in the universe, it 
seems highly probable that its absence from our air is simply due 
to the circumstances we have mentioned. In the case of a globe 
so mighty as the sun, the attraction which it exercises, even at 
the uppermost^ layers of its atmosphere, is so intense that the 
molecules of hydrogen never attain pace enough to enable them 
to escape. Their velocity would have to be much greater than it 
ever can be if they could dart away from the sun as they have 
done from the earth. It is not, therefore, surprising to find 
hydrogen in the solar atmosphere. In a similar manner we can 
explain the abundance with which the atmosphere of other massive 
suns like Sirius or Vega seem to be charged with hydrogen. 



28 Publications of the 

The attraction of these vast globes is sufficiently potent to retain 
even an atmosphere of this subtle element. 

It is now easy to account for the absence of atmosphere from 
the moon. We may feel confident from the line of reasoning here 
followed that neither of the gases, oxygen or nitrogen, to say 
nothing of'hydrogen, could possibly exist in the free state on a 
globe of the mass and dimensions of our satellite. The pace with 
which the molecules of oxygen and nitrogen speed on their way 
would be quite sufficient to render their abode unstable if it should 
ever have appeared that circumstances placed such gases on the 
moon. We need, therefore, feel no surprise at the absence of 
any atmosphere from the neighboring globe. The explanation 
is given by the law of dynamics. We are placed at too great a 
distance from the small planets or asteroids, as they are called, to 
be able to see whether or not they have any gaseous surround- 
ings. But it is possible, from the ingenious argument of Dr. 
Stoney, to assure ourselves that such small bodies must be quite 
as devoid of air as the moon. There are, we know, globes in 
our system only a few miles in diameter, and so small in mass 
that a cricket ball there, receiving the velocity it would get from 
the bat of a Grace, would go off into space, never to return. It 
is quite obvious that the molecules of any gases we know would 
be far too nimble in their movements to remain prisoners at the 
surface of little globes of this description, to which their only 
bond was the feeble attraction of gravitation. It is, therefore, in 
the highest degree improbable — we might, indeed, almost say 
impossible — for gaseous surroundings to be preserved by any 
globe where the mass is not considerably greater than that of the 
moon. 

In applying these considerations to Mars we have first to note 
that its mass and size are intermediate between those of the earth 
and the moon. It is much more capable of retaining an atmos- 
phere than the moon, though its capability in this respect falls 
short of that possessed by the earth. But in such a case it is 
essential to depend not on mere generalities, but on the actual 
numerical facts of the case. Without going too deeply into de- 
tails, it is sufficient to observe that there must be for each globe a 
certain critical velocity represented by the least pace at which a 
missile projected from it will succeed in escaping altogether. In 
discussing this we may leave out of view the question of the re- 
sistance which the air opposes to the passage of the projectile. 
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This is, no doubt, of vital importance in cases where actual artil- 
lery practice is concerned, yet it is not material to our present 
inquiry. The problem which we are considering depends on the 
movements of the molecules of air at the summit of the atmos- 
phere, and the question is simply whether after they have made 
an incursion into free space there is sufficient efficiency in the 
attraction of the globe to effect their recall. 

At the surface of Mars the speed which would carry a body 
away from its surface altogether is about three miles per second. 
It seems certain that the velocity of the molecules of hydrogen is 
often far in excess of this, and consequently free hydrogen is im- 
p>ossible as a permanent ingredient of the Martian atmosphere. 
Oxygen, however, has a molecular velocity only about one-fourth 
of that of hydrogen, and it seems unlikely that the oxygen mole- 
cules can ever have sufficient velocity to permit their escape from 
an atmosphere surrounding Mars. There is nothing, therefore, 
to prevent this element from being now present. 

But the case of the vapor of water is especially instructive and 
interesting. Its molecules have a speed which averages about 
one-third of that attained by the molecules of hydrogen. It would 
seem that the utmost pace that the molecules of water could 
attain (being perhaps seven times the average velocity) would be 
about 2j4 miles per second. Now, this would not be enough for 
escape from Mars, for we have seen that a speed of three miles 
per second would be required for this purpose. This argument 
suggests that the globe of Mars happens to approach very closely 
the dimensions and mass of the smallest world on which the con- 
tinued existence of water was possible. It would, perhaps, be 
going rather too far to say that a world almost the size of Mars 
must therefore be the smallest on which life could possibly be 
supported, but it is plain that our argument tends to support such 
a proposition. 

The discussion we have just given will prepare us to believe 
that a planet with the size and mass of Mars may be expected to 
be encompassed with an atmosphere. Our telescopic observa- 
tions completely bear this out. It is perfectly certain that there 
is a certain shell of gaseous material investing Mars. This is 
shown in various ways. We note the gradual obscuration of 
objects on the planet as they approach the edge of the disk, 
where they are necessarily viewed through a greatly increased 
thickness oi Martian atmosphere. We also observe the clearness 
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with which objects are exhibited at the centre of the disk of Mars^ 
and though this may be in some measure due to the absence of 
distortion from the effects of foreshortening, it undoubtedly arises 
to some extent from the fact that objects in this position are 
viewed through a comparatively small thickness of the atmos- 
phere enveloping the planet. Clouds are also sometimes seen 
apparently floating in the upper region of Mars. This, of course, 
is possible only on the supposition that there must be an atmos- 
phere which formed the vehicle by which clouds were borne along. 
It is, however, quite obvious that the extent of the Martian atmos- 
phere must be quite insignificant when compared with that by 
which our earth is enveloped. It is a rare circumstance for any 
of the main topographical features, such as the outlines of its so- 
called continents or the coasts of its so-called seas, to be obscured 
by clouds to an extent which is appreciable except by very refined 
observations. Quite otheru'ise would be the appearance which 
our globe would present to any observer who would view it say 
from Mars, or from some other external world at the same dis- 
tance. The greater part of our globe would seem swathed with 
vast clouds, through which only occasional peeps could be had at 
the actual configuration of its surface. I dare say a Martian 
astronomer who had an observatory with sufficiently good optical 
appliances, and who possessed sufficient patience, might, in the 
course of time, by availing himself of every opportunity, gradually 
limn out a chart of the earth which would in some degree repre- 
sent that with which we are familiar in our atlases. It would, 
however, be a very tedious matter, owing to the interruptions to 
the survey, caused by the obscurities in our atmosphere. The 
distant astronomer would never be able to comprehend the whole 
of our earth's features in a bird's-eye glance as we are able to do 
with those features on that hemisphere of Mars which happens to 
be turned toward us on a clear night. 

As to what the composition of the atmosphere on Mars may 
be we can say but little. In so far as the sustenance of life is 
concerned, the main question of course turns on the presence or 
the absence of oxygen. It may be pertinent to this inquiry to 
remark here that a globe. surrounded by air may at one epoch of 
its career have free oxygen as an ingredient in its atmosphere, 
while at other epochs free oxygen may be absent. This may 
arise from another cause besides the possible loss of the gas by 
dift'usion into space from small globes in the manner already ex- 
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plamed. Indeed, it seems quite probable that the oxygen in our 
own air is not destined forever to remain there. It passes through 
various vicissitudes by being absorbed by animals and then re- 
stored again in a free state under the influence of vegetation. 
But there is an appetite for oxygen among the inorganic materials 
of our globe which seems capable of using up all the oxygen on 
the globe and still remain unsatiated. We have excellent grounds 
for believing that there is in the interior of the earth a quantity of 
metallic iron quite sufficient to unite with all the free oxygen of 
the air so as to form iron oxide. In view of the eagerness with 
which oxygen and iron unite, and the permanence of the com- 
pound which they form, it is impossible for us to regard the pres- 
ence of oxygen in the air as representing a stable condition of 
things. It follows that, even though there may be no free oxygen 
in the atmosphere of Mars, it is by no means certain that this ele- 
ment has always been absent. It is, however, not at all beyond 
the reach of scientific resources to determine what the actual com- 
position and extent of the atmosphere of Mars may be, though it 
can hardly be said that as yet we are in full possession of the 
truth. 

An almost equally important question is as to the telescopic 
evidence of the presence of water on Mars, Here, again, we have 
to be reminded of the fact that even at present, when the planet is 
relatively so near us, it is still actually a very long way off. It 
would be impossible for us to say with certainty that an extent 
which by its color and general appearance looked like an ocean 
of water was really water, or was even a fluid at all. It is so easy 
to exaggerate the capabilities of our great telescope that it may 
be well to recount what is the very utmost that could be expected 
from even our greatest instrument when applied to the study of 
Mars, Let us consider, for example, the capabilities of the Lick 
telescope in aiding such an inquiry as that before us. This in- 
strument, both from its position and its optical excellence, offers 
a better view of Mars at the present time than can be obtained 
elsewhere. But the utmost that this telescope could perform in 
the way of rendering remote objects visible is to reduce the appar- 
ent distance of the object to about one-thousandth part of its 
actual amount. Some, indeed, might consider that even the 
Lick instrument would not be capable of giving so great an ac- 
cession to our powfers as this statement expresses. However, I 
am willing to leave the figure at this amount, only remembering 
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that if I estimated the powers of the telescope less highly than 
these facts convey, the arguments on which I am entering would 
be correspondingly strengthened. 

As we have already said, Mars is at present at a distance of 
35,000,000 miles, and if we look at it through a telescope of such 
a power as we have described, the apparent distance is reduced 
to one- thousandth part. In other words, all that the best tele- 
scope can possibly do is to exhibit the planet to us as it would be 
seen by the unaided eye if it were brought into a distance of 
35,000 miles. This will demonstrate that even our greatest tele- 
scopes cannot be expected to enable us to answer the questions 
that are so often asked about our neighboring globe. What 
could we learn of Europe if we had only a bird's-eye view of it 
from a height of 35,000 miles, that is to say, from a height which 
was a dozen times as far as from the shores of Europe to America ? 
The broad outlines of the coast might, of course, be seen by the 
contrast of the color of a continent and the color of the ocean. 
Possibly a great mountain mass like the Alps would be suffi- 
ciently noticeable to permit some conjecture as to its character to 
be formed. But it is obvious that it would be hopeless to expect 
to see details. The smallest object that would be discernable on 
Mars must be as large as London. It would not be possible to 
see a point so small as would either Liverpool or Manchester be 
if they were on that planet. There is, no doubt, a remarkable 
contrast between the dark colors of certain parts of Mars and the 
ruddy colors of other parts. It would, however, be going rather 
far to assert that the former must be oceans of water and the lat- 
ter continents of land. This may indeed be the case, and most 
astronomers, I believe, think that it is the case, but it certainly 
has not yet been proved to be so. 

Undoubtedly the most striking piece of evidence that can be 
adduced in favor of the supposition that there is water on Mars is 
derived from the "snowy" poles on the planet. The appear- 
ance of the poles of Mars with their white caps is one of the most 
curious features of the solar system. The resemblance to the 
structure of our own polar regions is extremely instructive. It is 
evident that there must be some white material which from time 
to time gathers in mighty volume round the north and south 
poles of the planet. 

It is also to be noticed that this accumulation is not perma- 
nent. The amount of it waxes and wanes in correspondence with 



Astronomical Society of the Pacific, 33 

the variations of the seasons on Mars. It increases during Mars' s 
winter, and it declines again during Mars' s summer. In this 
resf)ect the white regions, whatever they may be composed of, 
present a noteworthy contrast to the majority of the other feat- 
ures on the planet. The latter offer no periodic changes to our 
notice ; they are evidently comparatively permanent marks, not 
to any appreciable extent subject to seasonal variations. When 
we reflect that this white material is something which grows and 
then disappears according to a regular period, it is impossible to re- 
sist the supposition that it must be snow, or possibly the congealed 
form of some liquid other than water, which during Mars' s sum- 
mer is restored to a fluid state. There can hardly be a doubt 
that if we were ever able to take a bird's-eye view of our own 
earth its poles would exhibit white masses like those which are 
exhibited by MarSy and the periodic fluctuations at different sea- 
sons would produce changes just like those which are actually 
seen on Afars. It seems only reasonable to infer that we have in 
Mars a repetition of the terrestrial phenomenon of arctic regions 
on a somewhat reduced scale. 

Among the features presented by Mars there are others in 
addition to the polar caps, which seem to suggest the existence of 
water. It was in September, 1877, when Mars was placed in the 
same advantageous position for observation that it occupies at 
present, that a remarkable discovery was made by Professor 
ScHiAPARELLi, the director of the Milan observatory. In the 
clear atmosphere and the convenient latitude of the locality of his 
observatory, he was so fortunate as to observe marks not readily 
discernible under the less advantageous conditions in which our 
observatories are plaged. Up to his time it was no doubt well 
known that the surface of Mars could be mapped out into dis- 
tricts marked with more or less distinctness, so much so that 
charts of the planet had been carefully drawn and names had been 
assigned to the various regions which could be indicated with suf- 
ficient certainty. But at the memorable opposition to which we 
have referred, the distinguished Italian astronomer discovered 
that the tracts generally described as "continents" on Mars "were 
traversed by long, dark ** canals, " as he called them. They must 
have been each at least sixty miles wide, and in some cases they 
were thousands of miles in length. Notwithstanding the dimen- 
sions to which these figures correspond, the detection of the 
Martian canals indicates one of the utmost refinements of astro- 
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nomical observation. The fact that they are so difficult to see 
may be taken as an illustration of what I have already said as to 
the hopelessness of discerning any object on this planet unless it 
be of colossal dimensions. 

It is impossible to doubt that considerable changes must be in 
progress on the surface of Mars, It is true that, viewed from the 
distance at which we are placed, the extent of the changes, though 
intrinsically vast, seem relatively insignificant. There is, how- 
ever, too much testimony as to the changes to allow of hesitation. 

Speculations have naturally been made as to the explanation 
of these wonderful canals. It has been suggested that they may 
indeed be rivers ; but it hardly seems likely that the drainage o 
continents on so small a globe as Mars would require an elabor- 
ate system of rivers each sixty miles wide and thousands of miles 
in length. There is, however, a more fatal objection to the river 
theory, in the fact that the marks we are trying to interpret some- 
times cross a Martian continent from ocean to ocean, while on 
other occasions they seem to intersect each other. Such phe- 
nomena are, of course, well-nigh impossible if these so-called 
canals were in any respect analogous to the rivers which we know 
on our own globe. It can, however, hardly be doubted that if 
we assume the dark regions to be oceans, the canals do really 
represent some extension of the waters of these oceans into the 
continental masses. Other facts which are known about the 
planet suggest that what seem to be vast inundations of its conti- 
nents must occasionally take place. Nor is it surprising that such 
vicissitudes should occur on a globe circumstanced like Mars. 
Here, again, it is well to remember the small size of the planet, 
from which we may infer that it has progressed through its phy- 
sical evolution at a rate more rapid than would be possible with a 
larger globe, like the earth. The sea is constantly wearing down 
the land, but by upheavals arising from the intensely heated con- 
dition of the interior of our globe, the land is still able to maintain 
itself above the water. It can, however, hardly be doubted that 
if our earth had so far cooled that the upheavals had either ceased 
or were greatly reduced, the water would greatly encroach on the 
land. On a small globe like Mars the cooling of the interior has 
so far advanced that, in all probability, the internal heat is no 
longer an effective agent for indirectly resisting the advance of 
the water, and, consequently, the observed submergence is quite 
to be expected. 
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That there may be types of life of some kind or other on Mars 
is, I should think, very likely. Two of the elements, carbon and 
hydrogen, which are most intimately associated with the phenom- 
ena of life here, appear to be among the most widely distributed 
elements throughout the universe, and their presence on Mars is 
in the highest degree probable. But what form the progress of 
evolution may have taken on such a globe as Afars it seems 
totally impossible to conjecture. It has been sometimes thought 
that the ruddy color of the planet may be due to vegetation of 
some peculiar hue, and there is certainly no impossibility in the 
conception that vast forests of some such trees as copper- beeches 
might impart to continental masses hues not unlike those which 
come from Mars. Speculations have also been made as to the 
possibility of there being intelligent inhabitants on this planet, 
and I do not see how any one can deny the possibility, at all 
events, of such a notion. I would suggest, however, that as our 
earth has only been tenanted by intelligent beings for an ex- 
tremely brief part of its entire history, say, for example, for about 
one-thousandth part of the entire number of years during which 
our globe has had an independent existence, so we may fairly 
conjecture that the occupancy of any other world by intelligent 
beings might be only a very minute fraction in the span of the 
planet's history. It would, therefore, be highly improbable, to 
say the least of it, that in two worlds so profoundly different in 
many respects as are this earth and Mars, the periods of occu- 
pancy by intelligent beings should happen to be contemporaneous. 
I should therefore judge that, though there may once have been, 
or though there may yet be, intelligent life on Mars, the laws ol 
probability would seem against the supposition that there is such 
life there at this moment. 

We have also heard surmises as to the possibility of the com- 
munication of inter-planetary signals between the earth and Mars, 
but the suggestion is a preposterous one. Seeing that a canal 
sixty miles wide and a thousand miles long is an object only to be 
discerned on exceptional occasions, and under most favorable cir- 
cumstances, what possibility would there be that, even if there 
were inhabitants on Mars who desired to signal to this earth, 
they could ever succeed in doing so? We are accustomed to see 
ships signaling by flags, but what would have to be the size of 
the flags by which the earth could signal to Mars, or Mars signal 
to the earth? To be effective for such purpose each of the flags 
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should be at least as big as Ireland. It is true, no doubt, that 
small planets would be fitted for the residence of large beings, 
and large planets would be proper for small beings. The Lilli- 
putians might be sought for on a globe like Jupiter, and the 
Brobdingnagians on a globe like Mars, and not vice versd, as 
might be hastily supposed. But no Brobdingnagian's arms 
would be mighty enough to wave the flag on Mars which we 
should be able to see here. No building that we could raise, 
even were it a hundred times more massive than the Great Pyra- 
mid, would be discernible by the Martian astronomer, even had 
he the keenest eyes and the most potent telescopes of which our 
experience has given us any conception. 



THE SUN'S MOTION IN SPACE.— III.* 



By W. H. S. Monck. 

Some time ago I communicated to this Society a simple mode 
of estimating the sun's motion in space, which I believed to be 
sufficiently accurate until we possess more reliable data than at 
present. I lately applied this method to Professor Porter's 
Catalogue of 301 stars, with proper motion of half a second or 
upwards, which appeared in The Astronomical Jour^ial for June 
13, 1892. I found that on seeking to divide the stars in respect 
of R. A. into two equal parts, one of which should contain the 
maximum 'amount of increasing and the other of diminishing 
Right Ascensions, the best divisions were from 7** to 19*^ and from 
19^' to y*', thus liking the Right Ascension of the sun's goal at 
285° (for the epoch 1900). The results were as follows : 

Stars with motions in Stars with motions in Stars with 

Increasing R . A. Diminishing R . A. No motion in R . A. 

f to 19*^ 37 103 3 

19** to 7^ 118 39 I 

Dividing the stars with no motion in R. A. equally between -f- 
and — , and assuming that if the sun were motionless the proper 
motions in increasing and diminishing R. A. would be equal for 
both divisions, the result for 19'' to 7*' makes the sun's motion in 
R. A. exactly equal to the average motion of the stars, having 



* See Publications A. S. P., Vol. IV., page 70. 
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converted exactly one-half of the really diminishing motions into 
increasing motions. But for the division 7** to 19'' the effect of 
the sun* s motion is only 92 per cent, of the average motion of the 
stars. We may adopt 96 per cent, as the mean of the two. 

In respect of N. P. D., 210 stars gave a receding motion, 84 
an approaching motion, and 7 were motionless. Adopting the 
same course here, the effect of the sun's motion in N. P. D. is 
only 72 per cent of the average motion of the stars. Assuming 
that the average motion of the 301 stars is the same in Declina- 
tion as in Right Ascension (or, rather, in parallel), we get for 
declination of the sun*s goal, tan 8 = ^ = - : whence 8 = 37° 
nearly. 

Professor Porter does not deduce the sun's motion from 
these 301 stars, the divisions which he used being as follows : 
(i) 70 stars with motion of i".2o annually; (2) 142 stars with 
motion of o".6o to i".20 ; (3) 533 stars with motion of ©".30 to 
o".6o ; and (4) 576 stars with motion of o". 15 to o".30. Of the 
301 stars in question, 212 are included in the first two of these 
divisions and 89 in the third. The positions of the sun's goal 
obtained from his first three divisions are respectively 277^.0, 
-f- 34°.9, 285°. 2, + 34°.o, and 28o°.7, + 40°. i, all which, it will be 
seen, agree very fairly with my rough computation of 285°, + 37°. 
The sun's velocity in space could be estimated from these data if 
we knew the average velocity of the stars. Vogel estimates the 
average velocity of the stars in the line of sight at 10.4 miles per 
second. Stars specially selected for their large proper motions 
may be expected to average more than this in R. A. and Decl. 
An average velocity of 12.5 miles per second in R. A. and Decl. 
for these stars would give a total velocity of about 15 miles per 
second for the sun. 

Further consideration, however, qualifies these results. It 
seems now the general opinion of astronomers that the Milky 
Way consists of a cluster or system of stars chiefly of the Sirian 
tyf)e, while the solar stars, whose distribution over the sky is 
pretty uniform, chiefly belong to a different system. If this be 
so, we may expect a different goal when we employ Sirian and 
solar stars respectively. But stars with large proper motion, such 
as those used by Professor Porter, are chiefly solar. In this 
Catalogue of 301 stars I succeeded in identifying 107 stars in the 
Draper Catalogue^ of which only 9 had spectra of the Sirian 
type, while there were 97 solars. The goal thus determined can 
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differ very little from one determined by using solar stars only. 
And the same remark is partially applicable to the whole of the 
Cincinnati Catalogtu used by Professor Porter, and containing 
1340 stars. In this Catalogue I only succeeded in identifying 
the spectra of 87 Sirian stars against 385 solars. When we em- 
ploy stars with large proper motion to determine the sun's goal, 
it is plain that we are giving undue weight to solar stars and 
assigning too little weight to the Galaxy, if it really forms a sep- 
arate system. 

When we employ stars with small proper motion, on the other 
hand, our results are largely affected by errors, whether system- 
atic or casual. That casual errors may effect the result can be 
thus shown : Suppose that the chance of changing a -j- into a — 
is, in the case of any given star, equal to that of changing a — 
into +» it is clear that if the plusses are in reality three times as 
numerous as the minuses, three times as many of them will be 
transferred to the minus side as there will be minuses transferred 
to the plus side. Casual errors will thus tend to equalize the 
number of stars on both sides, and thus to mask the effect of the 
sun's motion. But it seems to be conceded that errors occur 
more frequently in Right Ascension than in Declination. 
Hence, if we use stars with small proper motion, the equalizing 
process will be carried farther in Right Ascension than in Decli- 
nation. The effect of the sun's motion in Declination will appear 
more clearly because it is less masked, and the result will be that 
a more northerly position will be obtained for the sun's goal. 

The Cincinnaii Catalogue confirms this conclusion in an un- 
expected way. Large proper motion is, of course, more likely 
to be attained when the effect of the sun's motion is additive than 
when it is subtractive. The motion of the sun towards the 
north pole makes the stars seem to move away from it, and a 
star which is really moving away from it is more likely to exhibit 
large proper motion in N. P. D. than one which is approaching. 
Now, on account of the uncertainties affecting motion in R. A., 
Professor Porter adopted a higher limit for motion in R. A. than 
for motion in N. P. D. in his Catalogue — the one being practi- 
cally o". 225 and the other o''. 150. The result is that the Cz«- 
cinnaii Catalogue, taken as a whole, makes the effect of the sun's 
motion in N. P. D. greater than any other Catalogue that I have 
examined. Here are the results in R. A. and N. P. D. respect- 
ively (7*' and 19'' seem again the best divisions in R. A.): 
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RIGHT ASCENSION. 

Increasing R.A. Diminishing R.A. No motion. 

f to 19** 179 437 34 

\^X.o f 439 207 44 

North Polar Distance — receding 1002, approaching 302, no 
motion 36. 

Treating this by my method, the position of the goal comes 
out at about 285° + 55°; but I have Httie doubt that this high 
northerly Declination is merely owing to the fact that the Cata- 
logue contains an undue preponderance of stars with large proper 
motion in N. P. D. This preponderance chiefly occurs in the 
fourth of Professor Porter's divisions, for which his goal is 
281°. 9, + 53°. 7. If he would extend his Catalogue so as to make 
the inferior limit in R. A. o*.oi . cos 8 instead of o*.oi5 . cos S, I 
suspect the position of his goal for this division would be found 
to have moved several degrees to the south. We must be im- 
partial as regards motion in R. A. and in Declination if we mean 
to arrive at satisfactory results. The greater liability of the for- 
mer to errors may to a certain extent mask the effect of the sun's 
motion, but the masking is much greater when we omit stars with 
considerable motion in R. A. altogether. In fact, the R. A. as 
well as the Declination of every star in the Catalogue, is used in 
the computation. The majority of the stars introduced on 
account of their large motions in R. A. have comparatively small 
declinations, and vice versd. The more stress, therefore, we lay 
upon large proper motions in Declination, the greater will be the 
proportion of small motions in R. A. , with which we shall have to 
deal ; and it is these small motions which are specially liable to 
error and to consequent masking of the sun's effect. It would, 
in fact, be better to adopt a lower limit in Right Ascension than in 
Declination in framing such a Catalogue, because the movements 
in R. A. with which we were dealing would, in that case, average 
more than the motions in Declination, and the effect of errors in 
the two cases would thus be more nearly equalized. 

A determination of the sun's goal, using Sirian stars only for 
the purpose, would be worth making. A rough estimate from 
the stars in the Cincinnati Catalogue which I succeeded in identi- 
fying as Sirian makes the Northern Declination very small. But 
there is a strange peculiarity as regards the proper motion of 
these stars in N. P. D. In the first 12 hours of R, A. the excess 
of stars receding from the north pole is very great, but in the last 
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12 hours the majority of the Sirian stars are actually approaching' 
the pole. Assuming the Sirian stars to be Galactic, this effect is 
exactly what would be produced by a revolution of the great 
Galactic ring, whose greatest northern and southern extensions 
are not far from o** and 1 2** in Right Ascension. * The Galactic 
stars are thus moving to the N. in Aquila and to the S. in Taurus. 
The number of stars used (especially considering the manner in 
which the Catalogue has been compiled) is not sufficient to war- 
rant a positive conclusion, but this seems to me to be the direc- 
tion in which the evidence points. Of course, if such a revolu- 
tion exists, the Galactic stars are not moving indifferently in all 
directions, and the motion of the Galaxy will have to be ascer- 
tained and allowed for in ascertaining the sun's goal with respect 
to it. 



PHYSICAL OBSERVATIONS OF JUPITER'S SATEL- 
LITES IN TRANSIT. 



By John Tebbutt, F. R. A. S. 



The following notes on the physical appearances oi Jupiter's 
satellites during transit have been condensed from the records in 
my observatory journal, and may prove interesting in connection 
with the communications already appearing from me in Vol. Ill 
of the Publications of the Astronomical Society of the Pacific, No. 
i6, page 221, and No. 19, page 353. The times given are local 
sidereal : 

Transit of Satellite II, September 12, i8gi, — The internal 
contact at ingress occurred at 18** 33" 21*. The satellite con- 
tinued visible as a bright spot till 18** 46"". It had ceased to be 
visible at 18^ 48™ 45'. Although the planet's disc was at intervals 
carefully examined, no further trace of the satellite could be seen 
till near the time of egress, when it again became visible as a 
bright spot. The observations were made with powers of 120 
and 180 on the 4^ -inch equatorial. 

Transit of Satellite III, October 2, i8gi. — The early part of 
this transit occurred during sunlight. At 19** 6™ 13* the satellite 



♦ Taking the poles ot the Galaxy as oh 5oni and i2h 50m, 1 find 22 Sirian stars between 
I2h 50m and oh 5oin with approaching motion against 16 receding. The sun's goal deduced 
from the motions of these 38 stars would probably have a Southern Declination. 



Astronomical Society of the Pacific. 4^ 

was seen in strong twilight as a dark spot on the western limb, 
but it was not near so conspicuous as its shadow on the opposite 
limb. It was, however, darker than the contiguous belt. At 
19** 17" 43* it was seen with great difficulty, and only suspected at 
19** 19" 13*. It was then quite invisible till 19** 22" 58', when it 
was suspected as a bright spot. I was certain of this phase at 
19^ 26" 3*. The internal contact at egress took place at 19** 27"* 
1 3*, but the satellite was unusually faint, and also appeared oval 
with its major axis parallel to the limb of its primary. The 8 -inch 
equatorial was employed with a power of 230. 

Transit of Satellite / October iq, i8gi. — The internal contact 
at ingress was observed at 21** 37" 31*. The satellite was still 
visible as a bright spot, but much fainter, at 21** 42" 26'. The 
definition then became very bad for a short interval. At 21** 46" 
56* the definition had improved, but the satellite was invisible, 
and, although the definition continued good till the time of mid- 
transit, it was not afterward seen. The transit was watched with 
a power of 170 on the 8 -inch telescope. 

Transit of Satellite Illy October 30, 1892, — ^The internal con- 
tact at ingress was observed at i** 2" 14*. The satellite continued 
visible as a bright spot till i** 27" 54*. It was afterward occasion- 
ally glimpsed as a faint but light spot till i^ 33™ 54\ when it 
became quite invisible. Owing to clouds the transit could not be 
completely observed. At the time of mid-transit the satellite 
could not be seen either as a bright or a dark spot. The 8 -inch 
telescope was employed with a power of 300. 

Transit of Satellite III, December 12, i8g2, — Owing to other 
avocations I could not attend completely to this transit. A few 
minutes after the time of mid-transit there was certainly no trace 
of the satellite on the disc, but the definition was bad. The tel- 
escope of ^yi inches aperture was employed with a power of 1 20. 

The Observatory, Windsor, N. S. Wales, 
1892, December 24. 



NOTE FROM THE RETIRING PRESIDENT. 



It has been the custom for the retiring President of the A. S. P. 
to give an address at the annual meeting. As I shall be more 
than 5000 miles away at the time, the omission of the customary 
address this year needs no further explanation. 

Mt. Hamilton, January 14, 1893. J. M. ScHAEBERLE. 
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(TWELFTH) AWARD OF THE DONOHOE COMET- 
MEDAL. 



The Comet-Medal of the Astronomical Society of the Pacific 
has been awarded to Edwin Holmes, Esq., of London, Eng- 
land, for his discovery of an unexpected comet on November 6^ 

1892. 

The Committee on the Comet- Medal, 

Edward S. Holden, 
j. m. schaeberle, 
Charles Burckhalter. 

January 6, 1893. 



(THIRTEENTH) AWARD OF THE DONOHOE COMET- 

MEDAL. 



The Comet- Medal of the Astronomical Society of the Pacific has 
been awarded to Professor W. R. Brooks, of Geneva, New York, 
for his discovery of an unexpected comet on November i 9,1892. 

The Committee on the Comet- Medal, 

Edward S. Holden, 
Charles Burckhalter, 
w. j. hussev. 

January 19, 1893. 
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NOTICES FROM THE LICK OBSERVATORY. 



Oh Variations of Short Period in the Latitude* [by 
Lord Kelvin, President of the Roval Society]. 
fNoTE. — At the anniversary meeting of ihe Royal Society of London, 
November 39, 1893, Lord Kelvin presided, and delivered liis annual 
address, from a report of which the two following paragraphs are taken:] 
Last year he referred to the action of the International Geo- 
<letic Union in sending an astronomical expedition to Honolulu 
•Or the purpose of making a twelve months' series of observations 
On latitude, corresponding to twelve months' simultaneous ob- 
servations in European observatories. The results were in splen- 
*lid agreement with those of the observatories at Berlin, Prague, 
3nd Strasburg, They proved beyond all question that from May, 
1891, to June, 1892, the latitude of eHch of the three European 
observatories was a maximum, and of Honolulu a minimum, in 
Ihe beginning of October, 1891 ; that the latitude of the European 
Observatories was a minimum, and of Honolulu a maximum, near 
Uie beginning of May, 1892; and that the variations during the 
year followed, somewhat approximately, a simple harmonic law 
for a period of 385 days, with a range of about % sec. above and 
belcw the mean latitude in each case. He believed the true ex- 
planation of this apparent discrepance from dynamical theory 
Was an elastic yielding of the earth as a whole. We had now, 
Eor the first time, what seemed to be a quite decisive demonstra- 
tion of elastic yielding in the earth as a whole, under the influ- 
ence of a deforming force, whether of centrifugal force round a 
Varying axis, as in the present case, or of tide-generating influ- 
ences of the sun and moon. When they considered how much 
"water fells on Europe and Asia during a month or two of rainy 

*SBt Publications A. S. /"..Vols, li, p. 13s; HI, p. as<; IV, p, ij- 
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season, and how many weeks or months must pass before it got 
to the sea, where it had been in the interval, and what had become 
of the air from which it fell, they need not wonder that the dis- 
tance of the earth's axis of equilibrium of centrifugal force from 
the instantaneous axis of rotation should often vary by five to ten 
metres in the course of a few weeks or months. 

On the Question of the Influence of the Sun upon 

Magnetic Storms on the Earth [by Lord Kelvin, 

President of the Royal Society]. 

Several communications to the Royal Society on the subject 
of simultaneous magnetic disturbances found by observations at 
magnetic observatories in different parts of the world justified him 
in saying a few words regarding terrestrial magnetic storms, and 
the hypothesis that they were due to magnetic waves emanating 
from the sun. Considering probabilities and possibilities as to 
the history of the earth from its beginning to the present time, he 
found it unimaginable, but that terrestrial magnetism was due to 
the greatness and the rotation of the earth. It seemed probable, 
also, that the sun, because of its great mass and its rotation in the 
same direction as the earth's rotation, was a magnet with polari- 
ties on the north and south sides of its equator, similar to the 
terrestrial northern and southern magnetic polarities. It was, 
therefore, a perfectly proper object for investigation to find 
whether there was or was not any disturbance of terrestrial mag- 
netism, such as might be produced by a constant magnet in the 
sun*s place with its magnetic axis coincident with the sun's axis 
of rotation. Even if (which did not seem very probable) we 
were to be led to believe that the magnetic force of the sun was 
directly perceptible on the earth, we might be quite certain that this 
steady force was vastly less in amount than the abruptly varying 
force which, from the time of Sir Edward Sabine's discovery, 
forty years ago, of an apparent connection between sun spots and 
terrestrial magnetic storms, we had been almost led to attribute 
to disturbing action of some kind at the sun's surface. It had 
been a very tempting hypothesis that quantities of meteoric mat- 
ter suddenly falling into the sun were the cause, or one of the 
causes, of those disturbances to which magnetic storms on the 
earth were due. We might, indeed, knowing that meteorites 
fall into the earth, assume without doubt that many more of them 
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fall, in the same time, into the sun. Astronomical reasons, how- 
ever, led him long ago to conclude that their quantity annually, 
or per century, or per thousand years, was much too small to 
supply the energy given out by the sun in heat and light radiated 
through space, and led him to adopt unqualifiedly Helmholtz's 
theory that work done by gravitation on the shrinking mass was 
the true source of the sun's heat, as given out at present, and had 
been so for several hundred thousand years, or several million 
years. It seemed very improbable that meteors fell in at any 
time to the sun in sufficient quantity to produce dynamical dis- 
turbances at his surface at all comparable with the gigantic storms 
actually produced by hot fluid rushing up from below, and spread- 
ing out over the sun's surface. The magnetic storm of June 25, 
1885, showed that in eight hours of a not very severe magnetic 
storm, as much work must have been done by the sun in sending 
magnetic waves out in all directions through space as he actually 
does in four months of his regular heat and light. This result, it 
seemed to him, was absolutely conclusive against the supposition 
that terrestrial magnetic storms were due to magnetic action of the 
sun, or to any kind of dynamical action taking place within the 
sun, or in connection with hurricanes in his atmosphere, or any- 
where near the sun outside. It seemed as if they might also be 
forced to conclude that the supposed connection between magnetic 
storms and sun spots was unreal, and that the seeming agreement 
between the periods had been a mere coincidence. We were cer- 
tainly fer from having any reasonable explanation of any of the 
magnetic phenomena of the earth ; whether of the fact the earth 
ivas a magnet ; that its magnetism changed vastly, as it did from 
century to century ; that it had somewhat regular and periodic 
annual, solar-diurnal, lunar-diurnal, and sidereal-diurnal varia- 
tions, and (as marvelous as the secular variation) that it was 
subject to magnetic storms. The more marvelous, and for the 
present inexplicable, all these subjects were, the more exciting 
became the pursuit of investigations which must, sooner or later, 
reward those who persevered in the work. We had at present 
two good and sure connections between magnetic storms and other 
phenomena ; the aurora above, and the earth currents below, 
were certainly in full working sympathy with magnetic storms. 
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Relation Between the Proper Motion and Magnitudes 

OF 1240 Stars. 

Professor J. G. Porter has recently issued in the Publications 
of the Cincinnati Observatory a catalogue of 1240 Proper Motion 
Stars. At the suggestion of Professor Holden, I have collected 
these results to determine the relation between the proper motion 
and the magnitude of a star. In order to make such a comparison, 
it is necessary to find the resultant of the proper motions in Right 
Ascension and Declination, or proper motion in a great circle as it 
is usually termed. A large number of the stars contained in Pro- 
fessor Porter* s catalogue are abo given in the catalogue of 
Dr. Stumpe {A, N,, Nos. 2999 and 3000) and in the latter the 
proper motion in a great circle is given. For all stars common 
to both catalogues the proper motions of Dr. Stumpe have been 
adopted and the proper motions in a great circle of the remainder 
have been determined by the following formulas : 

/Xq sin X = A a cos 8 
/Aq cos X = a 5 

in which /Xq is the proper motion in a great circle. The proper 
motions of the two catalogues agree very closely in most instances, 
so if there is no systematic difference between them, and there 
seems not to be, then there can be no objection to combining the 
data of the two catalogues, as has in fact been done. 

As a result of this work the following table was formed : 



Magnitude. 


Proper Motion. 

o':56 


Number of Stars 
Observed. 


Number of Stars 
North o( Equator. 


I. to 3.5 


73 


661 


3-6 " 4-5 


0.57 


78 


2,613 


4-6 " 5-5 


0.47 


138 


8,670 


5-6 " 6.5 


0.44 


275 


20,173 


6.6 " 7.5 


0.43 


354 


82,227 


7-6 " 8.5 


0.43 


348 


274.541 


8.6 " 9.5 


[0-59] 


72 


783.534 



In all cases the magnitudes of Porter's catalogue have been 
used. The numbers in the last column were taken from Peirce's 
table of equable distribution, Aiinals of H, C, (9., vol. IX, page 26. 

If the last horizontal line, in which the proportion of stars 
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observed is so small as not to warrant the drawing of any conclu- 
sions from the results, is left out of consideration, then the table 
shows a gradual decrease in the proper motion as the brightness 
decreases, which indicates that in general the brightest stars are 
our nearest neighbors. S. D. Townley. 

Three-foot Reflecting Telescope For Sale. 

An advertisement in Astronomy and Astro-Physics for Feb- 
ruary, 1892, announces that the three-foot reflecting telescope 
made for Dr. A. A. Common and afterwards sold by him to 
Mr. Gledhill is for sale, together with its Dome, etc. The 
pri<?e is not given. This is the instrument with which Mr. Common 
made his beautiful photographs of the Nebula of Orian^ etc. , for 
which he received the gold medal of the Royal Astronomical 
Society in 1884. 

Such an instrument is exactly suited for photographs of 
nebulae, comets and planets, and also for spectroscopic observa- 
tions, and the capital results obtained by Dr. Common in the 
uncertain climate of England, give some idea of what might be 
expected if it were mounted in a situation like that at Mount 
Hamilton. I know of no better way to supplement the large 
refracting telescope of the Lick Observatory than by adding a 
large reflector to our equipment. The site for such an instrument 
is already selected and the work awaits it. The important item 
lacking is the money to provide for the cost of the instrument 
itself. E. S. H. 

Meteor-Fall in Oregon, December 16, 1892. 

Albany, Oregon, December 17, 1892. 

** About five o'clock yesterday morning Fred Reis saw a 
bright meteor approaching from the southeast. It was traveling 
very rapidly, and with a rushing sound fell into the street, 
followed by a wake of bright sparks. Reis hastened to the spot 
where it struck the earth and found a stone about fourteen inches 
in circumference. It was very hot, and charred the board 
upon which it was placed. The stone had the appearance of a 
volcanic production.'* — New York Sun ^ December 18. 

[This stone is now in the possession of Messrs. Ward of 
Rochester, New York.] 
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Award of the Lalande Prize to Professor Barnard. 

The Lalande prize of the Paris Academy of Sciences was 
awarded to Professor Barnard on December 19, 1892, for his 
work in Astronomy, especially for his discovery of the fifth 
satellite oi Jupiter, E. S. H. 

Observations of the November Meteors in the 

Hawaiian Islands (Government Survey, 

Honolulu, H. L), January 4, 1893. 

Professpr Edward S. Holden, Director Lick Observatory — 

Dear Sir : It may interest some of your astronomers to know 
that a shower of meteors was observed here on the 23d of 
November last. The meteors came at about an average of one 
per minute from 7 to 9 P. M, It was quite cloudy and hazy, but 
the divergent point was somewhere near Aries^ or about over- 
head at that time, and the largest part of the meteors fell 
toward the southeast and southwest quadrants. They were 
small and attracted little attention, as the weather was very 
cloudy all that week. 

The meteors of August, 1891, were few in number but very 
brilliant. Yours truly, 

Curtis J. Lyons, 
Assistant in Charge of Office. 

** Astronomical Journal Prizes. 

**A gentleman, earnestly interested in the development and 
progress of astronomy in his native land, has authorized the 
editor of this journal to offer two prizes for resident citizens of 
the United States. 

He expresses the hope that it may be possible to offer similar 
prizes in subsequent years, although only two are proposed at 
present, the requisite amount for these having been placed at the 
editor's disposal. 

They will be known as Astronomical Journal Prizes, and will 
be given either in money or in the form of a suitable gold medal 
of the value of two hundred dollars, with the remainder, if any, 
in money, at the option of the recipient. 

The awards will be made by a commission of three judges, to 
be selected from American astronomers, and their names to be 
announced in due time. 
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The prizes now offered are for researches tending to advance 
our knowledge of cometary orbits, and are these : 

I. 

For the observer making the best series of determinations of 
the positions of comets during the year ending on the thirty- first 
of March, 1894, ^ prize of two hundred dollars. The conditions 
to be considered in the award will be the accuracy of measure- 
ment and reduction, the number of the observations and their 
judicious distribution along the geocentric paths, and the prompti- 
tude of their publication. To equalize the claims of observers, 
due allowance will be made for the different optical powers of the 
telescopes used. Also, since there seems to have been a tendency 
to neglect such comets as are observable only in the morning, 
regard is to be had, in the award, to the especial usefulness of 
observations made at inconvenient hours. 

II. 

For the best discussion of the path of a periodic comet, with 
due regard to its perturbations, of the kind ordinarily known as 
the definitive determination of the orbit, a prize of four hundred 
dollars. The investigation must, however, have been made 
within the two years next preceding 1894, September i; and the 
manuscript (which will be returned to the author) transmitted, 
not later than that date, to some one of the judges. 

In these awards it will be left to the discretion of the judges to 
decide whether in case of uncertainty on account of nearly equal 
claims of two candidates, either of the prizes ought to be divided. 
Also, in case that either award should not, in their opinion, be 
fiilly justified, they will be authorized to withhold the same ; in 
which event it will be offered again, under the same conditions, 
for the next ensuing year. 

Should similar prizes be offered in the coming year, it is 
intended that one of them shall be for the best series of determina- 
tions of maxima and minima of variable stars during the years 
1893 and 1894.'* 

The commission of judges designated for the award of these 
prizes consists of Messrs. Asaph Hall, Seth C. Chandler, 
Lewis Boss. 

Two additional prizes are hereby offered, for the year 1895^ 
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subject to the same conditions as were prescribed for those of the 

year 1894. 

L 

For the observer making, by Argelander's method, the 
best series of determinations of maxima and minima of variable 
stars during the two years ending 1895, March 31, a prize of two 
hundred dollars. A principal basis for the award is to be the 
extent to which the determinations will contribute to our better 
knowledge of the periodic variables, by furnishing the largest 
number of maxima or minima of the largest number of stars, 
having especial regard to stars whose characteristics are at pres- 
ent not very well known. 

II. 

For the most thorough discussion of the theory of the rotation 
of the Earth, with reference to the recently discovered variations 
of latitude, a prize of four hundred dollars. The manuscript 
(which will be returned to the author) is to be transmitted to 
some one of the Judges, not later than 1895, March 31. 

Works Issued by the Lick Observatory. 

It is intended to issue, at irregular intervals, two series of 
works, the first, in quarto, to be known as Publications of the 
Lick Observatory; the second, in octavo, to be known as Con- 
tributions from the Lick Observatory. Occasional pamphlets, 
such as No. 2 below, may not be included in either series. At 
the end of every book, a list of all the works issued will be given, 
for the convenience of librarians and others. 

For the sake of uniformity, Nos. 3 and 4 below will be 
counted as Contributions Nos. i and 2. 

1. Publications of the Lick Observatory of the University of 
California, prepared under the direction of the Lick Trustees by 
Edward S. Holden, Volume I, 1887. Sacramento, 1887, 4to. 
[Containing a brief history of the Observatory, with descriptions 
of the buildings and instruments ; observations of double stars by 
S. W. Burnham, 1879, of the transit of Mercury, 1881, by 
Messrs. Floyd, Holden and Burnham, of the transit of 
Venus, 1882, by D. P. Todd ; meteorological observations by 

T. E. Eraser, 1880-85; and Reduction Tables for Mt. Hamil- 
ton, by G. C. CoMSTOCK.] 

2. Suggestions for Observing the Total Eclipse of the Sun on 
January i, 1889, by Edward S. Holden. Printed by authority 
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of the Regents of the University of California. Sacramento, 
1880, 8vo. [Out of print] 

3. Cantribuhons from the Lick Observatory, No. i. Reports 
on the Observations of the Total Eclipse of the Sun of January i, 
1889, published by the Lick Observatory. Printed by authority 
of the Regents of the University of California. Sacramento, 
1889, 8vo. [Out of print.] 

4. Contributions from the Lick Observatory, No. 2. Reports 
on the Observations of the Total Eclipse of the Sun, December 
21-22, 1889, and of the Total Eclipse of the Moon, July 22, 1888, 
to which is added a Catalogue of the Library, published by the 
Lick Observatory. Printed by authority of the Regents of the 
University of California. Sacramento, 1 89 1 , 8vo. [Out of print] 

5. Contributions from the Lick Observatory, No. 3. Terres- 
trial Atmospheric Absorption of the Photographic Rays of Light, 
by J. M. ScHAEBERLE, Astronomer in the Lick Observatory. 
Printed by authority of the Regents of the University of Cali- 
fornia. Sacramento, 1893, 8vo. 

6. Publications of the Lick Observatory of the University of 
California. Printed by authority of the Regents of the University. 
Volume II, 1893. Sacramento, 1893, 4to. [Containing double 
star observations made with the thirty-six-inch and twelve-inch 
refractors of the Lick Observatory from August, 1888, to June, 

1892, by S. W. BURNHAM.] 

Enlargements of the Lick Observatory Negatives of 
THE Moon, by Baron Albert von Rothschild. 

Baron Rothschild has had the kindness to present to the 
Lick Observatory two splendid enlargements from (a copy of) a 
negative made at Mt. Hamilton, on July 14, 1891. The enlarge- 
ments are 24 inches by 20 inches, on a scale of 79 English inches 
to the moon's diameter. The definition is good throughout. 
The grain of the (carbon) paper employed is not so manifest as 
the grain of the glass enlargements which we have made here on 
the same scale. The contrasts of light and shade of the original 
plate are perhaps better preserved on the whole in our glass repro- 
ductions than in the carbon copies. It will be noticed that the scale 
of Baron Rothschild's enlargements is greater than that of 
Schmidt's lunar map ; and it is thus manifest that our original 
negatives can be enlarged on paper up to VI Paris feet in diameter 
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by purely photographic processes in an entirely satisfactory 
manner. The Lick Observatory has no facilities for making 
enlargements of this sort upon paper, and we have made no 
experiments in enlargements except upon glass plates. The 
highly successful experiments of Baron Rothschild are there- 
fore all the more welcome. E. S. H. 

Heliogravure of Mare Cr/s/c/m a^d Yichhty, 

The frontispiece to Volume V of 1893 of the Publications is a 
heliogravure of Mare Crisium and vicinity, copied from a drawing 
made by Professor Weinek from Lick Observatory negatives. 
The impressions printed in our volume have been presented to 
the Society by Mrs. Phebe Hearst. The great advantage of 
the heliogravure process over others may be seen by comparing 
the print in No. 27, A. S. P., with the phototype engraving 
given on page 81 of Volume IV. 

Professor Weinek is now preparing a volume of such helio- 
gravures, which will be published by the Lick Observatory by the 
aid of a gift from Mr. Law of New York. A few of his drawings 
have already been published in the Zeichnungen und Studien des 
MondeSy Prague, 1893. E. S. H. 

The Proposed Observatory on Mont Blanc. 

The three wood-cuts in the present number are here printed by 
permission of the editors of the Illustrated American, New York. 
They illustrate in a striking manner the difficulties to be over- 
come in placing an observatory upon the summit of this high 
mountain. These difficulties are described in some detail in these 
Publications, Vol. Ill, page 50, and Vol. IV, page 181. 

The height of Mont Blanc is 15,700 feet. Pike's Peak in 
Colorado is 14,134 feet high and its summit is connected by rail- 
way with the neighboring town of Manitou. It would seem, 
therefore, to have certain practical advantages over the French 
station. E. S. H. 

Fall of a Meteoric Stone in India in a. d. 1621. 

In the Memoirs of the Mogul Emperor Jahangir (Elliot's 
History of India, Vol. VI, page 378) the following interesting 
chronicle appears: 

^'Fall of a Meteoric Stone. 

* ' On the morning of the 30th Fartvardin of the present year 
[XVI year of the reign which began loth March, 162 1], a very 
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loud and dreadful noise arose from the east * * In the midst of 
the noise a light fell on the earth from the sky * * The chief 
officer of the village rode immediately to the spot * and saw the 
place with his own eyes.* The land for about ten or twelve 
yards in length and breadth was so burned that not a blade of 
gjass was found there. The groufid was yet warm. He ordered 
it to be dug and the deeper it was dug the warmer the ground 
was found to be. At last a piece of iron appeared which was as 
hot as if it had just been taken out of a furnace.*' It was sealed 
in a bag and sent to the Emperor and was found to weigh i6o 
iolaSy which, I believe, is about 66 pounds. Two swords, a knife 
and a dagger were made from it, by mixing three parts of the 
meteoric iron with one part of common iron ; and the blades 
were excellent — ' * equal to the best tempered swords. ' * E. S. H. 

Ancient Comets. 

The following references have some value to a compiler of a 
Catalogue of Ancient Comets : — 

**In 330 A. H. (941-2 A. D.) a comet made its appearance, 
the tail of which reached from the eastern to the western horizon. 
It remained in the heavens eighteen days * * * '* Elliot's 
History of India, Vol. II, page 505. [This is probably either 
No. 309 or 310 of Chambers* Catalogue (II) of Comets; Wil- 
liams* Chinese Comets, Nos. 54, 64.] 

Thirteenth year of the reign of the Mogul Emperor Jahan- 
GIR : '' Saturday y 17th Zt-l ka' da. Several nights before this, 
a little before dawn, a luminous vapor, in the form of a column, 
had made its appearance, and every succeeding night it arose 
half an hour earlier than on the preceding night. When it had 
attained its full development, it looked like a spear {or like a 
porcupine), with the two ends thin, but thick about the middle. 
It was a little curved, like a reaping-sickle, with its back towards 
the south and its edge towards the north. On the date above men- 
tioned it rose three hours before sunrise. The astronomers meas- 
ured its size with their astrolabes and, on an average of different 
observations, it was found to extend 24 degrees. Its course was 
in the empyrean heaven, but it had a proper motion of its own, 
independent of that firmament, as it was retrograde — first appear- 
ing in the sign of the ScorpiaUy then in that of the Scales, 
Astrologers have written that it portends evil to the chiefs of 
Arabia. Allah only knows if this be true ! 
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* ' Sixteen nights after its first appearance, a comet appeared in 
the same quarter, having a shining nucleus, with a tail in appear- 
ance about two or three yards long, but in the tail there was no 
light or splendor. * * [Elliot's History of India, Vol. VI, pages 
363 and 406. This is probably Comet 161 8, II. See also Mal- 
colm's Persia, Vol. I, page 359, foot-note. Chambers' Cata- 
logue (II) No. 500 q, v.'\ 

A. H. 237 = A. D. 857. *' A great fiery meteor appeared in 
Askalan, which was for a long time suspended between heaven 
and earth." [Chambers* Catalogue (II) No. 276.] 

A. H. 328 = A. D. 941. "Stars fell from the sky which 
appeared like birds of fire and which greatly terrified the people. ' ' 

A. H. 442 = A. D. 1050. **A comet appeared." [See 
Chambers' Catalogue (II) No. 343.] 

A. H. 836 = A. D. 1433. **A comet appeared." [See 
Chambers' Catalogue (II) No. 447.] 

[The last four extracts are also from Sir Henry Elliot's 
History of India, Vol. VIII, pages 31-36.] 

A. H. 396 = A. D. 1015-16. '*A comet made its appearance 
for fifteen nights successively and was as large as the Moon." 
[Chambers' Catalogue (II) No. 330; ibid.. Vol. IV, page 171, 
note.] E. S. H. 

Appointments in the Lick Observatory. 

Mr. R. H. Tucker, now of the National Observatory of the 
Argentine Republic, formerly of the Dudley Observatory, has 
been appointed Astronomer in the Lick Observatory from July i ; 
and Mr. C. D. Perrine has been appointed Secretary of the 
Observatory from March i, 1893. E. S. H. 

Discussion of Professor Barnard's Observations of 
the Fifth Satellite of Jupiter. 

Professor Barnard has printed all his observations of the 
fifth satellite of Jupiter in the Astrojiomical Journal. Professor 
H. S. Pritchett of Washington University, St. Louis, has 
undertaken the discussion of these observations and the deter- 
mination of the orbit, so far as this year's work is sufficient. 

E. S. H. 
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Observations of Nova Aurig^e (February 9 to 14, 1893). 

Number 26 of the ^PubiicaHons contains an extended history 
of the new star in Auriga, based upon observations made at Mt. 
Hamilton. The positions of the chief nebular line showed that 
the Nova was approaching the solar system with a variable 
velocity, which decreased from about 190 miles per second in 
September to about 85 in November (see page 247). My 
absence from the observatory prevented observations in Decem- 
ber and January, but recent measures show that further variations 
have occurred. The wave lengths and velocities (in miles per 
second) obtained are: 



Date. 


\ 


Velocity. 


1893, Feb. 9 


5007.5 


+ 17 


10 


6.2 


-30 


14 


6.1 


-33 



[The result for February 9 is to be rejected on account of 
the fact that the micrometer wire was subsequently found to have 
been crooked]. 

In all the observations the nebular line has been compared 
with the lead line at A 5005.63. In 1892 the nebular line was 
more refrangible than the lead line; it is now less refrangible 
than the lead line. W. W. C. 

Lick Observatory Eclipse Expedition. 

A letter from Professor Schaeberle announces that he arrived 
at Panama on February 10, and complains that he will be obliged 
to wait six days for the steamer down the coast. As Panama is 
one of the few places where fresh pine-apples and northern ice can 
be had at the same time, he is to be congratulated, not pitied. 

E. S. H. 
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Minutes of a Special Meeting of the Board of Direc- 
tors, HELD IN San Francisco, December 29, 

1892, at 4:30 p. M. 

Mr. Camilo Martin presided. A quorum was present. The min- 
utes of the last meeting were approved. 

The following members were duly elected: 

List op Members Elected December 29, 1892. 
Carl H. Abbott 118 nth SL, Oakland, Cal. 

AUOVST.N ARAG6N { ""c^'S Melico.So.''" ^' 

Dr. Harriet AucuTT 726 23d St., Ogden, Utah. 

R. D. Baker 356 E. 2 2d St, E. Oakland, Cal. 

Dr. J. D. Brownlee 752 S. 3d St., San Jos^, Cal. 

E. K. Chapman 315 Montgomery St, S. F., Cal. 

Miss Jbannette Dougherty 410 Ellis St., S. F., Cal. 

Prof. Melville DoziER { ^*ge!ei!^^^' ^*'°*''' ^^ ^^' 

Hon. J. Diaz Duran 204 Front St, S. F., Cal. 

W. B. Featherstone 21 16 Bush St., S. F., Cal. 

Allen F. Gillihan 135 Pandora St, Victoria, B. C. 

r Observatory, University of St. 

Prof. D. Grawe X Petersburg, St. Petersburg, 

I Russia. 

HEKMA.. IWKRSE. { ^"Sasrk? Japa". "^ '''^'"'''' 

Charles H. Jackson 628 Sutter St, S. F., Cal. 

W. E. Keith Riverside, Cal. 

Prof Andrew Cowper Lawson . . . Berkeley, Cal. 

Charlfs Matson / ^^^ 30. Edison, Skagit Co., 

I.HARLES matson ^ Washington. 

Peter McEwEN 819 Market St, S. F., Cal. 

H.E. PARKER {^VoSconn^^"' "^^ ^^ ^"''^'" 

Charles A, Post Bayport, Long Island, N, Y. 

Miss Grace Rand Lombard, Illinois. 

Dr. W. H. Rollins 250 Marlboro St., Boston, Mass. 

{Observatory, University of St. 
Petersburg, St. Petersburg. 
Russia. 

Samuel SoNNENFELD 331 Kearney St, S. F., Cal. 

Prof W. H. VON Streeruwitz . . . . P. O. Box 465, Austin, Texas. 

S. D. TowNLEV { ^"^y^'^^a^ ^^ California, Berke- 

J. Howard Wilson 753 Carroll St, Brooklyn, N. Y. 
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It being announced to the Board that Professor Schaeberle, one 
of the members of the Comet-Medal Committee, is to be absent from the 
State on solar eclipse work during some months in 1893, it was 

Resolved^ That Professor W. J. Hussey be and he is hereby ap- 
pointed a member of the Comet-Medal Committee, to act in Professor 
Schaeberle's place during his absence. 

On motion the following resolutions were adopted: 

Resolved^ That whenever in the judgment of the Treasurer there is 
a sufficient amount of money belonging to the Society on general deposit, 
he is hereby authorized to withdraw all over (200, and deposit the same 
with the Security Savings Bank, at interest, and to withdraw the same 
from the latter only when needed for the current expenses of the Society. 

Resolved^ That the President and Secretary of the Society be in- 
structed to communicate with the Regents of the University of California 
and to request them to allow the Society the use of rooms in the Hop- 
kins-Searles house in San Francisco. 

Resolved^ That if this privilege be granted, the President and the 
two Secretaries be authorized to make the necessary arrangements for 
transferring the property and collections of the Society to the new 
quarters. 

Resolvedy That the Directors approve the letter (dated December 
29, 1892), of the President and Secretary to the Regents, and accept the 
conditions there stated. 

It was the sense of the Board that all correspondence of the Society 
should be filed in the Society's archives in San Francisco; the Secretary 
was therefore instructed to request the Secretary at Mt. Hamilton to 
forward to the Secretary here all papers and correspondence belonging 
to the Society, and that the same be bound in volumes as soon as they 
accumulate sufficiently to form convenient sized books. 

Adjourned. 

Minutes OF the Meeting of the Board of Directors held 

AT THE ChABOT OBSERVATORY, JANUARY 28, 1 893. 

Vice-President Molera presided. A quorum was present. The 
minutes of the last meeting were approved. 

Mr. Robert Isaac Finnemore of Durban, South Africa, and Mr. 
E. J. MoLERA of San Francisco, were elected to life membership. 

The following members were duly elected: 

List of Members Elected January 28, 1893. 

Dr. James X. Allen 365 23d St., Ogden, Utah. 

Mre. John H. Devereux 869 Euclid Ave., Cleveland,Ohio. 

,, -- T- ¥ „.. / Calle de Cordovanes No. 3, City 

Hon. Manuel Fernandez Leal • • | ^f Mexico, Mexico. 
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F. B. Randall, U. S. R. M jU.^S. Rev. Str. "Corwin,"S. F.. 

Fred. H. Seares Berkeley, Cal. 

Mrs. Ella M. Sexton 113 Sullivan St., S. F., Cal. 

Chakles Sleeper 211 Sansotne St., S. F., Cal. 

Allan Stockton Bethayres, Montgomery Co., Pa. 

{Care Rev. H. C. Hawtrey, S' 
Mark's School Windsor, Berks, 
England. 

Prof. J. W. Stump 24 Montcalm St., Oswego, N.Y. 

The following papers were presented: 

1. Notes on Transits of the Satellites o{ Jupiter ^ by John Tebbutt. 

2. The Sun*s Motion in Space, by W. H. S. Monck. 
Adjourned. 

Minutes of the Meeting of the Astronomical Society 

OF THE Pacific, held at the Chabot Observatory 

in Oakland, January 28, 1893. 

Vice-President Molera presided. The minutes of the last meeting 
were approved. 

The list of new members elected at the Directors' meeting was read 
to the meeting. 

It was voted that the thanks of the Society be returned to the officers 
of the School Department and to Mr. Burckhalter, for the use of the 
Chabot Observatory. 

The minutes of a meeting of the Board of Directors, held on Decem- 
ber 29, 1892, were read. 

A number of presents were announced, and tlie thanks of the Society 
were voted to the givers. 

A committee to nominate a list of eleven Directors and Committee 
on Publications, to be voted for at the annual meeting, was appointed, 
as follows: Messrs. F. H. McConnell (Chairman), J. Costa, John 
Partridge, C. A. Murdock and T. C. Johnston. 

A committee to audit the accounts of the Treasurer, and to report at 
the annual meeting, was appointed, as follows: Messrs. Joseph G. La- 
very (Chairman), Chas. G. Yale and H. S. Herrick. 

The hall was darkened, and Mr. Burckhalter, assisted by Mr. 
Sands, exhibited a large number of lantern slides; after which the 
spectrum was projected by means of an arc light, and the sodium and 
other lines shown, and absorptions of colors practically illustrated. 

At the close of the meeting the Equatorial Telescope was placed at 
the disposal of the members. 
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OFFICERS OF THE SOCIETY. 

J. M. ScHAMBBRLi (Lick OtwrnlofyJ Praidntl 

E. }. MoliraIBso Van N«> Avenue, S.F.), ) 

FKAHK SOULE {Sludenti' Ob»mlory. Berkeley) \ Vici-Prtsidinti 

Orto VON CriJ>«lrIl(8i9M»rlielSlr.el). ....,.) 

W. W. CoHroBLL (Lick Obiemioiy). . Stertiarf 

F. R. ZlIL (4IO CaliForniA Str«I. S. F.) Slcnlar/ ami Trranra 

.auntfp/Z>l>Wf»'I— MtUrt.Al.VailD,C<HPI<BLUHlLuHoLDIH. CaHILoMaDTIH. MOLUA, 

PlIUOH, SCHACBIILE, SOULt, VoH GlLUIlH, ZlU.. 

FmMKt CfJHHiMn— Meun, Piihsoh. Martin. Ziei. 

C*mmUlrt « F^ilkalUKr-yieBn. Hduien, Cahpbell, Vali. 

L.ibrM^C»mmUttt—K<am. Mcimha. Vdn Gildeiih, Hill. 

Ctmmiltttt* lit CtMHl Mldal—MaiTi. MOLDEH (ll-affitu), SCHAMULI. UUBCKHALTU. 

OPPlCERa OF THE CHICAGO SECTION. 
Xxmittpe Ccmmillte—Hajn. OotiGLASs (Chiimun), Ewill, H*le (Secreury), Pma, 
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ADDRESS OF THE FIRST VICK-PRKSIDKNT, AT 

THE FIFTH ANNUAL MKKTING, 

MARCH 25, 1S93. 

By E. J. Molkka. 



The President of this Society, being now more than 5,000 
miles away, and constituting, alone, the cxpfdition from thtr 
ofaiervatory at Mt. Hamilton, to observe the coming total eclipse 
of the Sun. cannot address you to-night. 

A week ago I was in the City of Mexico, and had to travel 
ncariy 3,000 miles from the Halls of Montezuma to this Tem|)lc 
of Science, for the pleasure of attending this meeting. I crave 
your kind indulgence, if, instead of the excellent addresses you 
have heard on simikir occasions, you hear to-night the im])rovisa- 
tion of an amateur astronomer. 

The prosperity which our Society has enjoyed since its begin - 
T&ag has continued during the last year, and is still on the increase'. 
The numbers 40, 192. 360 and 432 represent the membership at 
the formation of the Society, and at the beginning of the years 
1890, 1 891, 1892; this year lx.'gan with 493 names on our roll, 
of which 438 are active contributing members, and the other 55 
life members. The report of the Treasurer shows to you the 
sound financial basis on which our institution rests, and the 
reports of our different committees are evidence of our activity 
during* the past year. Our pul)lications, however, art? the pride 
of our Society, containing, as they do, contributions from the 
best astronomers in ever\' quarter of the earth. The fact of 
being a semi-official organ of the Lick Observatory makes them, 
to a certain extent, the conveyor of the important discoveries 
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of that great observatory. To its astronomers, and specially, 
to Prof. HoLDEN, the Chairman of our Publication Committee, 
the thanks of the Society are due. 

The past year has been fertile in celestial phenomena and in 
discoveries made both by professional and amateur astronomers. 
Hardly had the new year commenced, when a new star was 
discovered in Auriga^ by Dr. Anderson of Edinburgh an 
amateur astronomer. A remarkable fact in connection with 
this discovery is that the photographic plates exposed by Prof. 
Pickering of Harvard College Obser\'atory, had already 
registered the existence of the star a month before the visual 
observation. Probably no other star in the firmament has been 
so well observed, and by so many noted astronomers, as the 
Nova in Auriga, I will not detain you with a description of its 
vicissitudes, as you have already read in our transactions the 
master descriptions of Mr. Campbell and other members of 
our Society. 

Following the discovery^ of Nova Aurigce came the great Sun 
spot of February ist, observed by Mr. Hussey, and independ- 
ently discovered with the naked eye by the President of our 
Society. That great spot, one of the largest ever seen, covering, 
as it did, 2.850 millionths of the Sun's visible surface, was 
accompanied by violent and characteristic magnetic disturbances 
and by brilliant aurorae. 

One of the most interesting phenomena during last year was 
the opposition of Mars, Of all the celestial objects, this is 
the most romantic, being the favorite subject of imaginative 
astronomers. A look at that neighboring planet with a good 
telescope reveals the existence of two white polar caps and of 
markings on its surface, giving it a certain appearance not unlike 
that of our own Earth. The existence of an atmosphere, together 
with that appearance, has, no doubt, suggested to some the idea 
of its inhabitants. 

It is not, then, wonderful that the popular mind was excited at 
the coming of the opposition of Mars, and that sensational 
discoveries were impatiently expected. For the thinking 
astronomer, no such discoveries were anticipated, realizing that 
at its nearest position from our planet it would still be 35,000,000 
miles away, which, even with the best telescopes, would be as if 
we would look at Europe from America placed seven times apart. 

Many interesting observations of Mars were made during the 
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time of its opposition, especially at the Lick Observatory, where 
ScHiAPARELLi's discovery of 1877, viz., the so-called ''canals" 
were confirmed. 

The members of the Society will soon have an opportunity 
of judging of the work done at Mt. Hamilton during the past 
opposition, by a series of many admirable drawings, which 
will be published by the observatory and reprinted in these 
Publications, 

I think that the name of ' ' canal ' ' for the straight double lines 
first discovered* by the Milanese astronomer was unfortunate, 
specially, as there was no necessity for such a name. The Italian 
word "canale" first given to the dark double lines on Mars^ 
means not only ' ' canal," but also * ' channel ' ' like a water-course, a 
narrow passage of the sea between two portions of land; a gutter; 
a furrow, etc. The word canal implies the work of man, channel 
does not. I am convinced that the great Italian astronomer 
intended by the word ' * canale * ' to convey the meaning of our 
word "channel." 

The interpretation given by Prof. Schaeberle to the above 
named markings on Mars would be misnamed by the word 
"canal," but would be well described by the word "channel." 
This will show the care to be taken in translating scientific 
papers. 

No sooner had the activity in observing Mars diminished, 
when a new discovery was announced; in fact, one of the most 
important astronomical discoveries of this century — the fifth 
satellite of Jupiter, by Prof. E. E. Barnard of the Lick 
Observatory, made at midnight of September 9. 

The Publicati<yfis of tht A. S, P, had the honor to be the first 
to print the original telegram sent to the obser\'atories of the 
world that a new satellite had been added to those attendants 
of the giant planet discovered nearly three centuries ago by 
Galileo with a telescope made by his own hands. 

A remarkable coincidence is, that while the city of Padua was 
doing honor to the memory of the great astronomer who had 
taught the new astronomy in its University, one of the youngest 
astronomers in the New Continent, at the youngest and best 
observatory, was completing the great master's discovery by 
adding another satellite to his list. 



•These canals were first observed by Prof. Holdkn, at Washington, in the 
opposition of 1875. 
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When we take into account that Jupiter is probably the planet 
most observed by the best astronomers with the finest telescopes, 
and that the small size of the new satellite, loo miles in diameter, 
together with its close proximity to the planet's center, about 
112,500 miles, make the observations extremely difficult, on 
account of the planet's glare, Barnard's discovery is not short 
of that of genius. 

Subsequently the fifth satellite oi Jupiter has been observed 
at Princeton College by the telescope of 23" aperture; at the 
University of Virginia with the 26-inch refractor ; at Dearborn 
Observatory with an 18)^", and by Mr. Albert Taylor with 
Mr. Common's 5-foot reflector. 

As if fortune had riot sufficiently favored the young astrono- 
mer, a photograph of the Milky Way. taken by him on the night 
of October 12 last, showed a dark blurry spot;' for most of 
observers, such a small spot would have been passed unnoticed; 
but the comet discoverer suspected the presence of one of those 
knights-errant of the firmament. On the following night his 
suspicions were confirmed, and thus, for the first time, the 
sensitive photographic plate revealed the existence of a new 
comet. This fact, in connection with the one noticed already, 
referring to Nova Aurifrce, shows what a future photography 
presents for the automatic registering of celestial phenomena. 

If the year just passed has afforded a rich field for astronomical 
observations, the present year gives promise of an equally abund- 
ant harvest. Our President is now in Chile to observe the coming- 
total eclipse of the Sun, and to confirm or disprove his own theory 
of the solar corona by his own observations and those of the other 
exi)editions in the same country, and those sent to Brazil, the 
west coast of Africa and elsewhere. We all are exp>ectant, and 
anxiously await the telegrams of April 16 with fervent wishes and 
sincere hopes for his success. 

I wish to call the attention of our Society to the debt of 
gratitude we owe to Mrs. Phcebe Hearst, even at the risk 
of offending her modesty, who generously has furnished the 
funds for the expedition, and also for creating Fellowships in 
Astronomy at the Lick Observatory. The latter is now giving, 
by authority and direction of the Regents of the University of 
California, the highest class of instruction to students who may 
be elected Fellows in Astronomy, and is filling a want keenly 
felt before. 
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The work of photographing the Moon in all its phases is 
l3eing continued at Mt. Hamilton, and the negatives are being 
assiduously studied by Prof. Weinek at Prague, who has been 
rewarded by a number of interesting and suggestive discoveries. 

Anew Section, called **The Mexican Section of the A. S. P. 
has been organized in the Cijy of Mexico, under the rules of our 
Society. All the reasons presented to the Society by its first 
President in favor of such organizations apply forcibly to our 
Mexican members. On account of the great distance from our 
home, the only bond of fellowship is the reception of our Pub- 
lications^ which, in this particular case, are printed in a language 
foreign to their vernacular. The membership will largely in- 
crease, no doubt, when they effect a closer union with each 
other through frequent meetings and mutual aid. Such was the 
idea that inspired the formation of the Mexican Section. 

It was my privilege to enjoy the hospitality of the principal of 
our Mexican members at the National Astronomical Obser\ator)', 
at Tayubaya, two weeks ago. The photographs of the buildings 
and instruments of that institution, which I have the honor to 
present to our Society to-night, will show to you that the equip- 
ment is fully equal to the requirements of modern astronomy. 
The principal instruments are two refracting telescopes, one 15" 
and the other 6" aperture ; one 8" meridian circle of excellent 
workmanship; an altazimuth 3}^" and a photo-heliograph 4" 
aperture. By stating that nearly all those instruments are from the 
workshop of Sir Howard Grubb, no other recommendation 
is required. Chronographs and the other usual instruments, 
together with an excellent library, complete the outfit. 

The instruments are operated by the following gentlemen: 
Angel Anguiano, Director and Astronomer; Messrs. Felipe 
Valle, Camilo Gonzalez, Francisco Rodriguez Rey, 
Teodoro Quintano, Manuel G. Prieto and Guillermo 
PuGA, all members of our Society. Of their thorough knowledge 
of the science of astronomy I can testify, as I was present at the 
examination of Sr. Agustin Aragon, another of our members. 
The Mexican Section of our Society is therefore in good hands, 
and its success is assured. 

Among the committees appointed last year, one was the San 
Francisco Observatory Committee. It has so far progressed as 
to secure an observatory site in the Golden Gate Park. 

An observatory in this city is needed for two reasons: First, 
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because the people who most need to be enlightened on 
elementary astronomy cannot visit the great observatory at 
Mt. Hamilton; second, because the astronomers of that institution 
should be relieved from visits of the simply curious people; their 
time and instruments being too precious for such purpose. 

It is to be hoped that the noble example of James Lick, 
Chas. F. Crocker, Alexander Montgomery, Mrs. Phcebe 
Hearst, and other patrons of astronomy, will be emulated by 
our numerous wealthy citizens, whose memory cannot in any bet- 
ter way be perpetuated than by subscribing, during the present 
year, sufficient funds for the San Francisco Observatory of the 
Astronomical Society of the Pacific. 



ASTRONOMICAL OBSERVATIONS. 



Made by Torvald Kohl, at Odder, Denmark, in the Year 1892. 



VARIABLE STARS. 

Z Cygni, 
August 19 Z invisible in the 3-inch Steinheil, power 42. 



( i 









24 .... id. 
September 14. . .id. 

18. . .Z < e, extremely faint.* 

28 . . . Z < e, yet constantly visible. 

October 9 Z = e. 

14 id. 

18 Z a little > e. 

19 Z plainly > e. 

25 Z perhaps a little > a. 

November ^o. . . -^ ^ ^ 

18... id. 

21... id. 

25... id. 

" 29. . .id. 

December 16. . .id., perhaps a little decreasing. 

♦ Vide Publications A. S. P., No. 22, pp. 62, 63. 
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T LrscB Majoris. 

September 28. . T < f. 

October 25 id. 

November 21 . . id. 

Nova Aiirigcr. 

February 12, 7*" 30"* P. M. . .Nova a little > c > 26. 

13, 7** 30'" P. M. . .Nova = 26. 

14, 9^ p. M Nova apparently brighter again and 

= c. 

16, 7** p. M Nova < 26. 

'* 19, 9^ p. M Nova > 26, perhaps = c. 

*' 22, 8^ p. M Nova is decreasing. 

** 24, 7"" 30"* P. M. . . Nova = a. 
** 25, 7^ 30™ P. M. . . Nova a litde > a. 
March 3, 8'' P. m Nova fainter than a, and yellow. 

j^ 

^ • % 

^ • N 

\ 

Many other parts of constellations, where variable stars were 
supposed to be situated, have also been reviewed in this year, and 
new maps are constructed for the purpose of investigating such 
stars. 

THE LUNAR ECLIPSE OF MAY II. 
h. m. s. 

10 I 00 P. M. . .The shadow is touching the eastern limit of the 

Moon 82° from the North. During 10 min- 
utes the penumbra had been visible with a low 
power. 

10 8 30 P. M. . . The shadow touches Arisiarchus, and the middle 

of Grimaldi. 

10 14 00 P. M. . .The shadow is touching Heraclides and Kepler, 

lo 17 30 P. M. . .The shadow is touching Laplace, 
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lo 23 30 p. M. . . The shadow is touching Piaio^ Copernicus and 

eastern wall of Gassendi. 
o 28 00 p. M. . . The shadow is touching Archimedes. 
o 34 00 p. M. . . The shadow is touching ArisMeles, 
o 43 00 p. M. . . The shadow is touching Afenelaus, 
o 45 00 p. M. . . The shadow is touching Posidonius. 
o 58 GO p. M. . . The shadow is touching Proclus^ eastern limit o^ 

Mare Crisiutn. 

59 00 P. M. . . The shadow is touching the eastern wall of Tycho, 

1 o 30 p. M. . . The shadow is touching the western wall of Tycho, 
I 200P. M. ..The shadow is touching the middle of Mare 

Crisiutn, 
I 5 00 p. M. . . The shadow is touching the western limit of 

MaYe Crisium. The dark part of the Moon 

is now very red. 
I 17 00 p. M. . .Breadth of the light part 4'. 
I 23 30 p. M. . . Breadth of the light part 3'. 
I 31 30 P. M. . .Breadth of the light part <2'. 

1 42 00 p. M. . . Breadth of the light part i'.3. 

2 II 00 A. M. . . The shadow is touching the southern limit of 

Tycho, 

2 16 45 A. M. . .The shadow is touching the southern wall of 

Gassendi. 
2 20 00 A.M... The shadow is touching the northern wall of 

Gassendi, 



2 35 00 A. M. . .The shadow 
2 40 00 A. M. . . The shadow 
2 44 45 A. M. . . The shadow 
2 52 30 A. M. . .The shadow 
2 57 30 A. M. . . The shadow 
I 00 30 A. M. . . The shadow 
I 4 00 A. M. . . The shadow 
I 1 5 00 A. M. . . The shadow 
I 17 00 A. M. . .The shadow 
I 27 00 A. M. . . The shadow 



s touching Kepler, 

s touching Aristarchus, 

s touching Copernicus, 

s touching Heraclides, 

s touching Laplace. 

s touching Archimedes. 

s touching Plato. 

s touching Posidonius. 

s touching Proclus. 

s touching the western limit of the 



Moon 41° from the North. 

At maximum \\ of the Moon's diameter was overshadowed. 
The weather here was beautiful. 
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SHOOTING STARS. 



No. 


Time, p 


. M. 


Beginning. 


End. 


Magni- 
tude. 


Note. 






h. m. s. 










I 


August 19 . 


. 12 10 


105° + 72° 


l8S°+70° 


I 


Train. 


2 


20 . 


. 9 19 


2+50 


356 +32 


2 




3 




9 34 


47 +54 


55 +49 


3 




4 


21 . 


. 9 36 30 


17 +52 


16 +47 


3 


Fast. 


5 




10 I 15 


17 +61 


15 +56 


3 
4 




6 




10 24 


22 +42 


30 +43 




7 




10 47 30 


30+60 


43 +63 


3 




8 




II 18 15 


7 +52 


20 +57 


4 




9 ! 
10 1 




II 29 10 
II 38 15 


341 +51 
314 +38 


349 +44 
318 +47 


2 
3 


( Increasing 
J from 4. to 2. 
( Magn. 


11 
12 




12 5 30 
12 10 40 


7 +29 
4+14 


349 +25 
357 + 6 


2 

3 


\ Crossing 

ia Andtomrdir. 


'^ 




12 29 15 


349 +14 


339 + 8 


4 




m; 




I I 


54 +37 


54 -^33 


4 




15 


22 . 


• 9 19 5 


335 +53 


321 +39 


4 




16 1 22 . 

17 December 21 


. 10 13 40 
. 6 13 


318 +55 
315 +14 


307 +39 
329 + 


4 

2 


4 Crossing 
1 a Cygni. 

Train, slow. 



A'i?. S. This meteor has also been obser\'ed at Copenhagen in the position : 236^ + 47 
X — 225° + 39°, 2. Magn. 

/Vo. 9. Observed at Copenhagen In position: 244° + 32" x — > 244° f 25°, 2. Magn. 
JVo It. Obser\ed at Copenhagen in position: 280^ + 36° x— > 262^ -f 26", i. Magn. 

The named three meteors have given the following results : 



No. 


\ Method. 


Beginning. 


End. 


1 Real 
Length 
of 






h 


A <^ 


h 

66 
59 

70 
72 

76 
64 


X 


^ 


the Path 


8 


Construction 
Calculation . 


1 

98 
95 , 

1 


r 
1 


i»44' 
I 53 


56° 12^ 
56 8 


! 


9 


Construction 
Calculation . 


2° 4' 
I 38 


55° 55' 
56 2 


1*^56' 

I 39 


55° 49^ 
55 57 


; 40 

i 


jr 


Construction 
Calculation . 




2° 0' 
2 24 


55° 38^ 
55 43 


i 



Odder is situated in 2° 25' W. long, from Copenhagen and 
55^ 58' N. lat. 

h and fi indicate kilometres; X is W. long, from Copenhagen; 
</>, N. lat. 
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On November 9, 5^ 15™ P. M., a splendid fireball was seen 
here and from several other places in Denmark, but the cloudy 
weather made any exact obser\'ations impossible. 

A NEW REPETITION OF FOUCAULT*S PENDULUM EXPERIMENT. 

On the 2oth, 21st, 22d and 23d of July, 1892, I made a public 
trial of FoucAULj's Pendulum Experiment in the King's Chapel 
of Christiansburyg:, at Copenhagen. The pendulum had a length 
of 30 metres and weighed 35 kilogrammes, the cylinder being of 
lead. The whole arrangement was the same as that mentioned in 
the Publications of the Astronomical Society of the Pacific^ No. 24, 
pp. 133, 134, with the difference that a long table was placed 
below the pendulum in order to show the turning of the ground 
in a more convenient manner. The whole series of experiments 
was witnessed by about 1000 spectators. 

Odder, Denmark, January 7, 1893. 



AN EASY METHOD OF ADJUSTING AN EQUATORIAL 

TELESCOPE. 



By Roger S Prague. 

It will be well to say in advance that this paper is only intended 
for the amateur astronomer. The method of adjusting an equa- 
torial here discussed is one which could be very easily thought out 
in a few minutes by the experienced practical astronomer or mathe- 
matician who might chance to be placed in circumstances which 
would render such a method advisable or necessar)'. The only 
reasons for presenting it at all are that it is described in no stand- 
ard work easily accessible to the amateur astronomer (indeed, I 
have never seen it in print anywhere), and it is certainly the 
easiest and simplest method possible, being quite accurate enough 
for all ordinary purposes, provided the instrument be well made. 

The first thing to do in adjusting an equatorial is to adjust the 
finder. This is done by turning the telescope on some bright 
star, or distant object, and bringing said object into the center of 
the telescopic field. The finder is then adjusted by means of 
the screws provided for the purpose until the intersection of the 
cross-wires is exactly upon the object at the same time that it is 
in the middle of the field of the telescope. 
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The second thing to do is to find the index- error or meridian 
reading of the hour circle. This is best done by Schaeberle's 
method, which may be found in full on page 136 of Prof 
Campbell's Practical Astronomy, two copies of which are in 
the library of the A. S. P., or in Astroyiomische Nachrichtcn, 
No. 2374. But as it may not be convenient for every one to 
refer to those publications, I shall briefly recapitulate the method 
here. A stick is first fastened across the middle of the object end 
of the telescope (or of the finder if extreme accuracy is not 
desired, but rather a gain of convenience). This stick must be 
roughly parallel to the declination axis, and to the end opposite 
to the declination axis a string must be fastened, which must be 
led down through that one of the capstan -headed screws used to 
adjust the finder, which is opposite to the declination axis. 
This screw must, of course, be turned until the hole through it is 
parallel to the optical axis of the telescope. To the lower end of 
the string is attached a plumb-bob, which is finally allowed to 
swing in a vessel of water. The telescope is then brought into 
such a position ( nearly vertical ) that the string will swing free of 
the sides of the hole. The instrument is then clamped so that 
the string is as near as may be in the exact center of the hole, 
and the verniers of the hour circle read. The telescope is then 
reversed to the opposite side of the pier, being very careful not to 
disturb in any way the attachment of the string to the object end 
of the telescope, and the hour circle again read. The mean of 
the readings of the hour circle in the two positions gives the 
reading of the circle when the instrument is in the meridian. The 
meridian reading of each vernier should be determined separately 
to avoid confusion. 

To adjust the instrument in azimuth, the hour circle is set at 
its meridian reading and the instrument clamped in right ascen- 
sion a little before Polaris passes upper or lower culmination. 
The telescope is left undamped in declination, and by swinging 
the tube in declination it is brought to point as nearly as possible 
on Polaris, It can then be easily seen by glancing along the 
tube whether the telescope is pointing too far to the east or west, 
and it is possible to move it in azimuth by means of the adjusting 
screws until Polaris is brought into the field of the finder and 
then into the field of a high power eye-piece (the higher the 
power the better) on the equatorial itself At the time, as near 
as may be, when Polaris crosses the meridian the star is brought 
into the center of the field, and the adjustment in azimuth is 
complete. 
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To adjust the instrument in altitude, it is clamped in right 
ascension six hours off of the meridian, and when Polaris ap- 
proaches eastern or western elongation the instrument is again 
swung in declination until it is pointing as nearly as possible to 
the star. It is then possible, by glancing along the tube, to see 
whether it is pointing too high or too low, and to correct this 
error by changing the inclination of the polar axis until the star is 
brought into the center of the field of view at the minute when 
the star is six hours off the meridian. The adjustment of the 
instrument is then complete. 

The sidereal time for the upper culmination of Polaris is given 
for every day in the year in the American Ephemeris^ pages 
302-313. Th6se who do not possess a sidereal chronometer will 
need to know how to change this sidereal time into mean time. 
The process can be best illustrated by an example. Suppose we 
wish to find the mean time when Polaris shall cross the meridian 
of San Francisco on the night of April 15, 1893. Turning to 
page 57 of the Ephemeris^ we find that the sidereal time of mean 
noon at Greenwich on April 15 is i^ 35™ 28'. To find the sidereal 
time of mean noon at San Francisco on that date we take the 
longitude of San Francisco in time (8^ 9"') and go with it to 
Table III, page 526. Placed opposite to 8'' 9*" we find i" 20". 
This added to the i'' 35'" 28" gives us the time we want, or 
I*" 36"' 48\ Next, turning to page 305 of the Ephemeris we 
find that Polaris crosses the meridian at i*' iS*" 24', sidereal time. 
From this time ( plus 1 2^ for lower culmination ) we subtract the 
i'" 36'" 48* and get 11" 41"' 36^ Taking this time to Table II. 
page 523, we find placed opposite it i'" 55\ Subtracting this 
from 11'' 41'" 36'' gives ii** 39"* 4I^ This is the mean time for 
the lower culmination of Polaris at San PVancisco on the night of 
April 15. To change this to Pacific standard time we must add 
9'". The whole example may be stated as follows : 

h. m. s. 

April 15, sidereal time (at Greenwich mean noon) .1 35 28 
Reduction for 8'' 9"Mn Table III +1 20 

Sidereal time of local mean noon i 36 48 

Given sidereal time (+ 12'Mf necessary ) 13 18 24 

II 41 36 
Reduction for ii'* 41'" 36"^ in Table II — i 55 

Required mean time 11 39 41 

Reduction to standard time +9 

Required standard time 11 48 41 
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In this example the time has in no case been taken closer 
than seconds, as this is more than sufficiently accurate for the 
purpose. Practically a watch error of ± 2*" would be perfectly 
allowable, as it would not vitiate the adjustment by as much as a 
minute of arc, an insignificant amount. 

The principal advantage of this method of adjustment is that it 
does away altogether with the use of the finely divided declination 
circle. As the reading of this circle is always the most laborious 
and lengthy part of any ordinary method of adjustment, and is 
the especial dread of amateur astronomers, the importance of this 
point need not be dwelt on. 

Napa College, Napa, Cal., 
March 21, 1893. 



MISCELLANEOUS OBSERVATIONS OF NOVA 

AURIG.E. 



By W. W. Campbell. 

{a). In the Monthly Notices of the Royal Astronomical Society 
for January Dr. Is.\ac Roberts gives the following account of 
his attempts to photograph any nebulosity that may be connected 
with Nova Aurigce : 

* * A photograph of the region of Nova Aiirigcc was taken on 
October 3, 1892, with the 20-inch reflector, and exposure of no 
minutes, upon which the Nova appears as a star, as well defined 
as any of the other stars, which are very numerous, on the plate. 
There is no trace of nebulosity surrounding the Nova, or in its 
vicinity, and there is no feature about it suggestive that it is dif- 
ferent from other stars. The diameter of its photo-image meas- 
ures 21 seconds of arc, and about 85 seconds distant from it, on 
the north-following side, is a star, the photo-image of which 
measures 23 seconds of arc ; the Nova is therefore 2 seconds in 
diameter less than the star. 

*' On December 25, 1892, another photograph was taken of 
the same region, with an exposure of 20 minutes, upon which the 
Nova has a photo-image of 13 seconds of arc, and the star 
referred to has a diameter of 16 seconds. 

»£« ftV >V ^ %^ «.£* 

*J* *|* *^ *^ ^^ *^ 
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**So far, therefore, as the evidence obtained by the eleven 
photographs which I have taken between the date of the appear- 
ance of the Nova and December 25, there is nothing upon them 
indicative of a disturbance, such as we might expect to see 
recorded if a body of the magnitude and velocity of the Nova had 
rushed into a nebula, or into a swarm of meteors. * ' * * 

Negatively, these photographs are of great interest, for sev- 
eral reasons : 

(i). In Asironomische Nachrichten No. 31 18 Prof. Seeliger 
explained the observed spectrum of Nova during February and 
March, 1892, on the hypothesis that a very faint or dark body 
had passed swiftly through one of those large tenuous nebulosi- 
ties which the excellent photographs obtained by Herr Max 
Wolf of Heidelberg show to be very extensive in many parts of 
the sky. If such a nebula surrounds Nova, it must be exceed- 
ingly faint to have escaped detection by Dr. Roberts' telescope 
with long exposure. 

(2). The smaller image shows it to be considerably fainter 
photographically than the star 85 seconds distant, though visually 
the Nova is at least half a magnitude brighter than the star. 
These results had also been reached here by Prof. Schaeberle, 
and at Greenwich. They were to be expected from the distribu- 
tion of the light in its nebular spectrum, nearly all the light falling 
at the wave lengths 575, 500, 496 and 486, which are in regions 
only slightly actinic. 

(3). In the 36-inch equatorial the Nova is plainly seen to be 
nebulous and about 5 seconds of arc in diameter. As we construe 
Dr. Roberts' paper, he contends from his photographic evi- 
dence that the Nova is not nebulous. Since the photo-images 
are from 13 to 21 seconds in diameter, we do not see how they 
can have any bearing upon the question of the character of the 
Nova, which is probably not much over 5 seconds in diameter. 
I would suggest that the value of the evidence be tested by pho- 
tographing some planetary nebula resembling the Nova in mag- 
nitude and structure, for example, N. G. C. 6790, and compar- 
ing the nebular image obtained with that of a star slightly fainter 
(visually). 

{b). In the Observatory for January the Astronomer Royal 
for England called attention to a remarkable diminution of the 
brightness of the Nova. He said: **The photographs [for 
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magnitude] were discontinued at Greenwich on September 6, and 
the Nova was noted as invisible in the lo-inch finding telescope 
about October 7 by Mr. Turner, October 22 by Mr. David- 
son, and on October 25 by Miss Everett. This would imply 
that the Nova was below the 14th magnitude. * * * On 
November 30 it was estimated by Mr. Turner and Mr. David- 
son as 0.9 magnitude brighter than the comparison star, so that 
it would appear to have risen between October 25 and November 
29 from below the 14th to about 8.5 magnitude, and this is the 
second time such a brightening has been noted." 

The above results are widely at variance with those secured 
here and elsewhere during October. I observed it visually with 
the 4-inch finder on October 12, 19 and 22, and spectroscopically 
with a grating on October 12 and 19, and no significant decrease 
in brightness was detected. Prof. Barnard observed it with the 
36-inch on October 21, 23 and 25. In his opinion, since August 
the object has **as a whole remained essentially constant in its 
light.** At Oxford, England, on October 5, 7 and 10, the mag- 
nitude was estimated at 9.5; on October 19 at 9.7; and on 
October 25 at 9.8. It is impossible to harmonize the observa- 
tions made here and at Oxford with those made at Greenwich on 
the same nights, unless, indeed, we grant that the Nova varied 
4. 5 magnitudes in a few hours. If it is granted that such a varia- 
tion has occurred, it must have very great significance in the 
finally accepted theory of the Nova. 

{c). \x\, Astroywmische Nachrichtcn No. 3129 and Astroiiomy 
and Astro- Physics for January, Herr Eugen von Gothard 
compares, in an interesting manner, the spectrum of Nova with 
the spectra of eight well-known planetary nebulae. As had 
already been found by observations made here, the spectra of the 
Nova and of the nebulae are practically identical. Herr von 
Gothard's observations were made photographically in Sep- 
tember and October in a novel way. In front of the 10^ -inch 
reflecting telescope already arranged for ordinary stellar photog- 
raphy he placed a thin lo-inch-square prism. The image of the 
Nova formed on the sensitive plate was its spectrum, of which 
eight bright lines were recorded by long exposure. Not using 
a slit spectroscope, he was of course unable to measure the veloc- 
ity of Nova in the line of sight. The small dispersion employed 
gave a spectrum only 3 mm. long from X 580 to A 373, and 
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hence the wave lengths could not be measured accurately. The 
wave lengths of the bright lines photographed he gives as below : 
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The line A 582 is the same line observed by me at \ 5750- It 
does not appear in the nebular spectra preceding, and is not 
known to exist in any other spectrum. 

Herr von Gothard calls attention to the vt-ry different inten- 
sities assigned to the bright lines by himself and by me. and 
suggests that they are due to the very general absorption of the 
violet rays by the 36-inch objective. The true explanation, how- 
ever, is entirely different My estimates are visual, while his are 
photographic, and based upon the very peculiar curve of sensi- 
ti\'eness of orthocliroiiiatic plates. The brijfhtest line shown on my 
photographs is that at A 4360, as it also is on his plates, though 
he assigns a wave length 4340 and uses it as the origin of meas- 
urements for the whole spectrum. If to this hne he assign the 
correct wave length 4360 the apparently erroneous position of 
the Hne H 8 (A 4077) is explained. 

The results of the studies have been summarized as follows by 
von Gothard: 

(i). The spectra of the planetary nebulte agree typically, 
although they differ slightly in the intensities. 

(2). Hydrogen is represented in each spectrum by three or 
more lines, viz : A 434, A 410, A 397. 

(3). Besides the hydrogen lines the presence of two charac- 
teristic nebular lines A 5006 and A 3867 can with certainty be 
proved in all, a third A 3727 in most .spectra. The fourth line 
A 464-470 seems to be less frequent. 

(4). Line A 3727, which is always very intense in the large 
irregular nebut«, is always very faint in the true planetary nebulae, 
which fact marks a considerable difference between the two kinds. 
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(5). In each spectrum can be detected a more or less devel- 
oped continuous spectrum, corresponding to a nucleus or a con- 
densation. 

(6). The physical and chemical state of the new star resem- 
bles at present that of the planetary nebulae. 

From observations made here, at Harvard and elsewhere, all 
of these results were well known except the fourth ; and that is 
just the opposite of what would naturally have been expected 
from Dr. HuGGiNS* photographs of the Orion nebula spectrum. 
He found that this line A. 3727 was relatively much brighter for 
th^ condensed portions of the nebula than for the diffused. 

(d). I have remeasured the position of the yellow line, in 
connection with some work on Wolf-Ravet stars, and have 
obtained for it : 

1893, February 15 ... A = 5752, 

18 . . . A:=575i. 

The finally adopted wave lengths for the yellow lines in the 
Wolf-Rayet spectra will differ very little from 5876, 5813, 
5692 and 5594. 

(e). There are several additions and corrections to be made 
to the list of wave lengths as published in the last number of the 
Publications. The amended list is given below. Those marked 
thus (*) were determined by Mr. Townley : 

1892, Dec. 13* X == 5004.2 Velocity =^ — 107 miles. 
** 14* 5004.1 -— 109 

18* 5006.3 — 29 

1893, Feb. 10 5006.2 — 30 
14 5006.1 — 33 
27 5005.7 - 52 



( I 



» i 



In Mr. TowNLEY*s observing notes I find : for December 13, 
•*wind nejirly 60 miles per hour," observations few and dis- 
cordant ; for December 14, **wind 50 miles per hour," observa- 
tions discordant; and for December 18, '*very little wind," 
observations very accordant, adjustments tested on solar spec- 
trum next morning. It is evident that the observations of 
December 13 and 14 are entitled to very small weight. It is 
quite probable that the wave lengths were considerably larger in 
the two months when no observ^atiqus were made. 
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In any discussion of these observations it is necessary to take 
into account the difficulty of accurately bisecting a line as broad 
and diffuse as this one is. The error in the result for any night 
can scarcely exceed lo miles per second, and there can be no 
doubt of the reality of the change in wave length. If it is 
due to orbital motion, a very unusual orbit will be required to 
satisfy the observations. 

(_/"). A recent note in AsirortomUche NaehrUkUn by Dr. 
HuGGiNS describes the chief nebular line of Novaks spectrum as 
multiple, coiisisting of several fine bright lines very close together. 

On August 30 this line was suspected to be double, at Mt. 
Hamilton, and on September 7 the line was thought lo have a still 
different form. Later observations did not confirm my suspi- 
cions. On November 7 it was examined under the great disper- 
sion of a fourth order grating and seen to slope equally and 
uniformly in both directions. 

Cf )■ T^o ^^ry important contributions to the spectroscopic 
history of the N'ova, during February and March, 1892, have 
recently been published : one by Herr A. Belopolskv of PuI- 
kowa in the Bulletin de l' Acadimie Imperiale des Sciences de 
St. Pilersbourg, and the other by Father SlDGREAVEs of the 
Stonyhursl Observatory ( England ) in the Memoirs of the Royal 
Astronomical Society. Both papers contain very extensive lists 
of bright and dark lines. Between the several catalogues of 
observed wave lengths obtained by different observers there is 
not that degree of accordance which could be wished for. How- 
ever, there is a better agreement than at first appears. Many 
apparent discrepancies are removed by considering that in this 
spectrum a targe number of lines shown to be single under weak 
dispersion are shown to be multiple under strong dispersion. The 
wave length given by one observer will frequently for this reason 
be found to be the mean of the wave lengths for two or more 
finer lines measured by another observer. 

The observations of Herr BELOPOi.SKy certainly support the 
theory that the Nova consisted of two or more bodies moving 
with very different velocities, while Father Sidgreaves con- 
siders that his observations argue in favor of the one-star theory 
of Nova. 

(Ji). Micrometer observations made by Prof. DARNAitD o»-w 
several nights since August to determine whether the Nova "^^^^^^ 
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moving with reference to the small stars near it (see Astrono- 
miche Nachrichten No. 3143) make it probable that a very slight 
displacement has occurred ; too slight, however, to say that the 
observed variations are not due to unavoidable errors of observa- 
tion. 



EVOLUTION OF THE DOUBLE-STAR SYSTEMS. 



By Dr. T. J. J. See, University of Chicago. 



[Abstract of a paper read before the Chicago Academy of Sciences, February 7, 1893.] 

Sound cosmogonic speculation begins with Kant, who was 
the first of modern philosophers to advance a definite mechanical 
explanation of the formation of the heavenly bodies,* and partic- 
ularly of the bodies composing the solar system. The views of 
Kant do not seem, however, to have received much scientific 
recognition until after Laplace's independent formulation, in 
more exact mathematical terms, f of a similar explanation of the 
origin of the planetary system, based upon remarkable phenom- 
ena observed in the motions of the planets and satellites, and 
known as the nebular hypothesis. 

Partly on account of the overwhelming J argument of Laplace 
in favor of a natural or mechanical e\p\2Ln2L\\on% of the origin of 
the planetary system, and the sound dynamical conception under- 
lying the great geometer's hypothesis, and partly on account of 
the keen interest and speculation arising out of Sir William 
Herschel's epoch-making investigations of the nebulae, the 
nebular hypothesis was soon accepted by astronomers as an 
explanation entitled to scientific belief The classic researches of 
Sir John Herschel tended still further to establish confidence in 
Laplace's view of the nebular origin of the heavenly bodies ; but 
when Lord Rosse's great reflector showed the discontinuous 



• See Kant's Allgemeine Naturgeschichte und Theotie des Himmels, published in 
*755; S&mmtliche Werke, Vol. I, p. 207. 

t See SysUme du Monde, Note VII et dernicre, p. 49S. 

J See Laplacb's remarks in the introduction to his Thforie Analytique des Proba- 
Si/i/^s, p. 67. 

^ Newton regarded the planets as having been set in their orbits by the immediate 
oand of the Deity, and held that the fixed stars had been intentionally placed at such vast 
o/staa<i€S apart in order that they might not fall upon one another by their mutual gravita- 

''^- Sec his remarks in the Scholium Generate, p. 527, of Sir William Thomson's 

nfitioii o( the PHncipta. 
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nature of some of the objects then classed as ** nebulae," the 
question arose, whether, with sufficient power, all ** nebulae'* 
might not be resolved into discrete stars. Fortunately, the inven- 
tion of the spectroscope about i860, and Dr. Huggins* applica- 
tion of it to the study of the heavenly bodies, at once answered 
this question in the negative, by showing that many of the nebulae - 
are masses of glowing gas in the process of condensation ; and^ 
hence it then became a matter of great scientific interest to inves — 
tigate the formation of the heavenly bodies. 

The principle of the conservation of energy and the mechanic; 
theory of heat, which Helmholtz was the first to apply to 
nebular contraction of the Sun,* and Lane's researches on coi 
densing gaseous masses,! together with the researches of 
William Thomson on the Sun's age J and heat, have eai 
marked important epochs in the development and confirmation 
the nebular hypothesis as now maintained and generally accepts' 
by astronomers. The nebular origin of the heavenly bod : 
being at present generally conceded, the main question of 5 
terest relates to the process involved in the development of c 
mical systems. 

The nebular hypothesis of Laplace supposes the plarm^^-^ 
and satellites to be the condensed products of rings successive J 
shed by the contracting nebula which originally contained t:I^' 
matter of the solar system, and this theory of ring-formation 1^ S5 
exercised extraordinary influence over the minds of scientific vn^T^- 
Prior to the researches of Prof. G. H. Darwin on the origin of 
the lunar-terrestrial system, the theory of ring-formation ap- 
pears never to have been seriously questioned, at least as respeots 
the planetary evolution. But Prof. Darwin's discovery of the 
exceptional formation of the Moon, and his introduction of the 
important physical agency of tidal friction (which was entirely 
overlooked by Laplace) necessitated considerable modification 
of the original nebular hypothesis, and constituted, perhaps, the 
most important step in scientific cosmogony made during this 
century. Since tidal friction is a necessary adjunct of gravita- 
tion wherever systems of fluid bodies exist in a state of relati'vc 



♦ See the Popular Lecture delivered on the occasion of the Kant Cominenioratic>^ '''^ 
Konigsberg, February 7, iSm* 

t S^^ American Journal of Science^ ]\x\\\ 1870. 

\ See Popular Lectures and Addresst's\o(S'\v William Thomson. V<»1. I, p. 349. 
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motiioii, we perceive that it is a physical agency as universal as 
-vitation itself, operating more or less powerfully in all the 

ms of the universe. 
It is but proper to state, however, that Prof. Darwin's 
arches on tidal friction w^ere applied only to the solar sys- 
in which the conditions are highly unfavorable to the theory 
(e:x: crept in the case of the Earth and Moon), chiefly on account of 
tH^ relatively small masses of the attendant bodies. In the stellar 
systiems, where each body is sufficiently large to have a consider- 
a.l>l^ moment of momentum of axial rotation, the secular effects of 
ticia.1 friction must be of far greater importance, and it will there- 
fore not be surprising if we find that this physical agency has 
played a more prominent part in the development of such sys- 
teiTis than even in the case of the Earth and Moon. 

It may be remarked that nearly all the cosmogonic specula- 
tions hitherto promulgated have been advanced with especial 
reference to the solar system. For it appears that no systematic 
investigation of the origin of double stars wais ever attempted 
prior to my own researches, which were begun in an elementary 
nianner about four years ago. 

The first step in the investigation was the collection of a table 
of the best orbits available, which were found to be highly eccen- 
tric in comparison with the orbits of the planets and satellites. 
It Mras at once evident that so remarkable and fundamental a 
diflference could not be overlooked in explaining the origin of 
double stars, and the high eccentricities seemed to point with over- 
whelming probability to the operation of some powerful physical 
cause which had not left a corresponding impress upon the orbits 
^^ the planetary system. Accordingly, it occurred to me that 
the cause which had elongated the double star orbits might be 
"^^ secular gravitational reaction arising from tidal friction in 
^"^ bodies of the stars — an hypothesis that has been confirmed 
"y subsequent mathematical research, in which methods were 
foUowed analogous to those employed by Prof G. H. Darwin 
^0 his graphical history of the system of the Earth and Moon. 
^ had seen no intimation that tidal friction could increase the 
^centricity, but soon proved it for the case in which the tides 
*^ (less than 90°), only to discover afterwards that a similar 
''^ulthad been reached by Prof Darwin several years earlier,* 



* See article "Tides." Encyclopedia Britaunica, Vol. XXIII, p. 378; also. Prof. Dar- 
i***s well-known papers in the Philosophical Transactions and Proceedings of the Royal 
•^<"*e/y, from 1878 to 1882. 
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though it liad not fjfc-n given ;iny particular [)rominence, and was 
apparently but little known ; hence the discovery that tidal fric- 
tion could increase the eccentricity was an independent one, 
since at that time my knowledge of Prof. Darwin's work was 
based upon a review* which gave no account of the secular 
changes of the eccentricity arising from tidal friction. 

In the present discussion of the working of tidal friction, we 
shall merely present some of the secular effects in an elementary 
geometrical manner, and at length g[ive a sketch of the process 
by which double stars arise from double nebulae. 

Self-luminous bodies, such as the Sunf and double stars, are 
certainly in a fluid state (the term fluid being used in the most 
general sense), and there is reason to believe that the vUcosify or 
"stiffriess" of the fluid is usually small. Therefore, the tides 
raised in such masses by the attraction of foreign bodies will not 
be confined to the surface (as in case of the fluid oceans surround- 
ing the nearly rigid Earth), but will extend throughout the whole 
mass ; such tides are termed bodily tides, and it is with them 
that we are here concerned. Now, imagine a double-star sys- 
tem whose components we shall call respectively Helios and Sol,\ 
each of which is of the same order of mass and same general 
physical condition as the Sun. Suppose both stars to be spher- 
oids endowed with rotations whicii are rapid compared to their 
period of revolution about one another, in the same direction, and 
about axes nearly perpendicular to the plane of orbital motion. 

Let the system be started with the spheroids at a considerable 
distance apart, so that the attraction of either upon the other 
becomes practically the same as jf the masses were collected at 
the centers of gravity, and suppose the orbit given a small eccen- 
tricity. Then, since the fluid is more or less viscous, the tides 
raised in either mass by the attraction of the other will lag. and 
if the viscosity is small the angle of the lag will be only a few 
degrees. For simplicity, we shall now treat the spheroid Sot as 
having its mass collected at its center of gravity, and examine 
the effects on the eccentricity arising from the tidal reaction of 
Helios; but it must be remembered that in general the whole 
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since practically the whole disturbing force due to the tides in 
Helios may then be regarded as acting in the tangent to the 
orbit. When the tides lag (less than 90°, as in Fig, a), the tan- 
gential component is directed forward, and hence tends to accel- 
erate the instantaneous linear velocity ; the force arising from a 
a resisting medium is directed continually backward, and hence 
tends to cause the instantaneous linear velocity to diminish. The 
two forces are, therefore, oppositely directed, and hence it is evi- 
dent that if they acted simultaneously the orbit would not under- 
go the least change either in size or shape, but would be rigor- 
ously stable. Now, the resistance encountered at any given point 
of the orbit depends upon the density of the medium, and is also 
proportional to the square of the instantaneous linear velocity ; 
but fix)m Kepler's law of equal areas in equal times, it follows 
that the momentary velocity of the revolving body is inversely as 
the radius vector. The accelerating force due to tidal friction 
varies inversely as the seventh power of the distance ; therefore, 
in order to counterbalance this by a retarding force due to resist- 
ance, we must suppose the density of the medium to vary in- 
versely as the fifth* power of the distance from the center. Such 
a medium would give a resistance that would just annul the 
changes arising from tidal friction. Now, Laplace has shown f 
that the action of a resisting medium increasing in density towards 
the center, according to any law whatever, causes the major axis 
and the eccentricity of the orbit of a revolving body to diminish. 
Therefore, tidal friction must cause the major axis and the eccen- 
tricity of the orbit to increase.]; 

The stellar orbits are on the average about twelve times 



* If cr be the density of the medium, p the radius vector, and K some constant, then 
the resistance /' varies as icon;*, but v* varies as * -; therefore, /' varies as IT. The dis- 

turbing force / varies as !^,. But /' must be made equal to /, hence we must suppose cr 

varies as 2- . Then /' « / = ^ • 
p. pr 

t Micanique Cilestr, Liv. X, Ch.VII.Sec. i8; or Watson's " Tluoretical Astronomy"* 
P-552. 

\ We may add that the increase will usually continue until the rotations of both stars 
are nearly exhausted, after which the eccentricity will be reduced by the libratory motion 
of the system, and the orbit will at length become circular. The stars, however, would 
then perhaps be entirely dark, and hence, if in the immensity of space any such dark rigid 
double-star systems exist, they can not be observed. Other relations of rotation and revo- 
lution, and various other viscosities, give rise to various other results; but the conclusion 
above reached is that of chief interest in connection with the great multitude of double- 
stars hitherto discovered. 
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as eccentric as those of the planets and satellites. The mean 
eccentricity of the 70 orbits now roughly known is 0.45, while 
the corresponding mean for the orbits of the 8 great planets and 
their 20 satellites is less than 0.0389^ The orbit oi yVirginis 
is known with great precision, and here we have the remarkable 
eccentricity of 0.9; and the very trustworthy orbit of Sirius, 
recently computed by Dr. Auwers, has the very considerable 
eccentricity of 0.63. From a number of other orbits whose 
eccentricities are very well determined, the fact seems certain that 
the double-star orbits are generally highly eccentric, though some 
few appear to be more circular, in accordance with the theory of 
tidal evolution, under what are perhaps abnormal conditions. 
Therefore, we have in the general elongation of the double-star 
orbits a visible trace of the action of secular tidal friction, which 
has played so important a part in the evolution of the stellar sys- 
tems, mainly because of the large mass-ratios of the component 
bodies and their comparative proximity during immense ages ; 
for it must be remembered that double stars, now condensed and 
widely separated, were millions of years ago much closer together 
and more expanded in volume, and hence the tidal action was 
then very much greater than at present. The conclusions here 
merely stated are confirmed by a rigorous research, which I have 
recently presented as an " Inaugural Dissertation" to the Faculty 
of the University of Berlin, and have published under the title 
''Die Entwickelung der Doppelster7i-Systeme,'' to which I must 
beg to refer all who desire details of the mathematical treatment 
of the problems arising in double-star evolution. 

It now remains to discuss the process by which a nebula under 
accelerating axial rotation splits up into two comparable masses. 

M. PoiNCARE* and Prof. Darwin f have investigated the 
equilibrium of rotating masses of fluid with a view of testing 
Laplace's theory of the formation of the planets and satellites. 
The researches are widely different in character, but they lead to 
substantially the same result, namely, that when equilibrium 
breaks down in a rotating mass the portion detached by increas- 
ing angular velocity should bear a far larger ratio to the parent 
mass than is observed in the planets and satellites of the solar 
system ; and, moreover, that while the separation might ideally 



* Acta Mathemalica, Vol. \'\\. 
t Phil. Iraus., i8S8. 
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ke place in the form of a ring, the general process of division 
ould give rise to masses of a more or less globular form. The 
pioid of M. PoiNXARE is given in the accompanying figure, which 
ows the manner in which the J acobian ellipsoid under increasing 
ial rotation becomes unstable and finally breaks up into two 
»mparable masses, by a sort of division resembling *' fission'* 
long the protozoans. That this process of separation actually 
curs in space will be .evident on comparing the Apioid with 
r John Herschel's drawings of double nebulae, which are 
re reproduced. It seems legitimate to conclude that double 
bulae have originated from single (perhaps irregular) masses 
' the process of * * fission ' ' arising from increasing rotation, and 
at in the course of millions of years they will develop into 
)uble-stars. 

Double nebulae have been greatly neglected since the time of 
r John Herschel, but it is to be hoped that astronomers will 
:ain give adequate attention to these remarkable objects, which 
ould be at once systematically studied and photographed. If 
curate drawings or photographs of these objects were now 
ade, it is not to be doubted that important changes could be 
«erved fifty years hence. 

Should the theory of double-star evolution here briefly and 
iperfectly sketched prove to be substantially true, I think it will 

conceded that it throws considerable new light upon the prob- 
n of the formation of the heavenly bodies. For hitherto nearly 

investigators have proceeded in their researches from the point 
view of the solar system, notwithstanding the fact that our sys- 
m is very remarkable, and indeed different from any other 
therto discovered : 

(i). The revolving bodies are very small relative to the central 
dies (except the Moon, whose mass amounts to ^j of the Earth's 
ass). 

(2). The orbits are nearly circular (we neglect asteroids and 
•mets). 

The double-star systems are remarkable for : 

(i). The large mass-ratios of component bodies. 
(2). The high eccentricities of the orbits. 

It seems hardly credible, and yet it is a fact, that the Sun has 
,0 times the mass of all the attendant bodies combined ; hence 
I see that practically all the mass of the solar nebula has gone 
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into the Sun. In double-star systems, the masses, if not equal, 
are at least comparable. In other words, the mass-distribution in 
the sotar system is essentially single, whereas in ttie double-star 
systems it is essentially double. 

Therefore it is not wonderful that tidal friction has played so 
prominent a part in the double-star systems, and has been so 
unimportant in the solar system, where the masses of the revolving 
bodies are so small as to render their moments of momentum of 
axial rotation inefficient in changing the size and shape of the 
orbits. Considering the exceptional character of our system, are 
we not therefore justified in affirming that the general law of cos- 
mical development can only be deduced from the study of other 
systems in space, and especially of double stars and double neb- 
ulae, which seem to typify the normal form of celestial evolution? 
If so, the importance of studying double stars and double nebulae 
will be the more easily perceived, as will also the interest attach- 
ing to multiple stars and clusters, which deserve the most careful 
study and the most systematic investigation. For if all the clus- 
ters now visible in the heavens were carefully studied and meas- 
ured by means of photography, it is not to be doubted that in 
half a century some progress could be made towards explaining 
the formation of these wonderful bodies, concerning which we are 
at present profoundly ignorant. If adequate attention is given to 
other systems in space, we may be sure not only that true cos- 
mogony will be greatly advanced, but that we shall also gain 
additional light respecting the formation of our own extraordinary 
system, whose development seerfis to have been somewhat anom- 
alous. But even in the case of the solar system it is questionable 
whether the theory of ring-formation is applicable, except in the 
case of Saturn's rings and the asteroids, which appear to have 
been exceptional formations. The La place an theory of ring- 
formation, although mathematically sound in principle, fails 
utterly when applied to the actual systems of the universe at 
large, as we infer from the well-known rarity of ring nebulae and 
the great abundance of double nebulae and double stars. It is to 
be remarked, however, that it was not known in the time of 
Laplace that a rotating mass of fluid could assume any other 
than symmetrical figures of equilibrium (including, of course, the 
annular form) ; but from the researches of Poincare and Dar- 
win we infer that unsymmetrical figures, such as we observe in 
double nebulae, are not only ideally possible, but are in general 
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Therefore, since the planets also 
rated in the form of globular masses, there is no 
I for holding the theory of ring forma- 
li the case of Sa/um's rings and the asteroids, which 
ii»\-e been exceptional. 

.re other nebuUi- worthy of study, particularly the spiral 
■iC Mnce their true figures remain uncertain, they have 
insidcrt-d in this discussion. If adequate attention is 
■i'uble, miiUiple ami spiral nebulje. future research will 
I upon problems which now remain obscure, and in the 
iinw we skill perhaps be able to reach a definite conclu- 
ang the formation not only of our own system, but of 
■nerally. And when sufficient data have been collected 
^ht upon the rtsiilts of theory, cosmogony ought to 
tJie plane of nitre speculation to the rank of a real 
t$ shall at present succeed in discovering the law of 
Bition, no inconsiderable advance will have been 
^t direction. 
,1893. 



VO NKVV PLANISPHERES. 

Bv W, J. HussEv. 

a new planispheres have been issued in this coun- 
Register Publishing' Company, Ann Arbor, 
f the olher by I'ooi.E Bros., Chicago. The former 
8;ed by Prof. Hahri.ngton. the latter by Mr. JuLES A. 
The prices are Si. 00 and $3.00 respectively. 
St is much the smellier and less pretentious of the two. 
I of the usual |iaris. a substantial movable disc, having 
'Aations mapped upon it, mounted on a square block of 
dboard, nearly nine inches on a side. The constellations 
bde those having north polar distances of less than 120°, 
ai^ those of iIk? four brightest magnitudes. A few of 
conspicuous nebulae and clusters are also given. The 
be readily .set m show that part of the celestial sphere 
horizon at any hour of the night on any day of the 
■key to the positions of the planets is given on the back. 
30d till 1901. 
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The second possesses several advantages, by reason of its 
larger size and clearer typography. It is admirably engraved. 
Its movable disc is 19^ inches in diameter, and is mounted on a 
cardboard 19 x 23 inches. It includes the constellations* with 
stars of the five brightest magnitudes as far as 50*^ South Declina- 
tion. In nearly all cases it gives the names or numbers of the 
stars. It also gives a large number of clusters and nebulx. 
Double and multiple stars are distinguished from others by a 
small dash printed near them. 

The only circles on this planisphere are those indicating the 
positions of the ecliptic and celestial equator. A device is 
given by means of which approximate Right Ascensions may be 
obtained. A string representing the meridian is stretched across 
the disc from the top to the bottom of the planisphere. The 
Right Ascensions are printed around the circumference of the disc. 
A star whose Right Ascension is sought being brought' under the 
string, will have its Right Ascension indicated at the circumference 
at the point under the string. No means is given for obtaining 
the declinations. 



A CELESTIAL HANDBOOK. 
By W. J. HissEY. 



As a companion to his planisphere, Mr. Colas has prepared a 
Celestial Handbook of no + xiii pages. It is published by 
Poole Brothers, Chicago. Price, $2.00. 

It begins with several pages of introductory matter of an 
elementary character on the magnitudes, distances and classifica- 
tion of the stars and on the precession of the equinoxes, v Then 
ninety-one pages are devoted to the constellations having north 
polar distances less than 140°; six pages to a variety of tables, 
including a list of the constellations, the names of the principal 
stars, the principal binary stars, the finest colored double stars, 
stars for which a parallax has been found, etc. ; and, finally, 
excepting indices, ^\^ pages to shooting stars, comets and the 
planets. 

The account of each constellation begins with a very short 
description. This is followed by a list of its lucid stars, including 
their magnitudes and approximate positions for 1880, and then 
by notes on the more interesting stars, nebulae and clusters. 
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In the notes, especial prominence is given to double stars and 
to stars for which a parallax has been found. In these particulars 
they are apparently trustworthy. Some of the other notes, how- 
ever, are not of a character that inspires confidence. They seem 
to have been picked up second-hand and not to have been selected 
from original sources, and not always in the light of the most 
recent investigations. 

Five satellites are attributed to Jupiter, It thus takes account 
of Professor Barnard's brilliant discovery of last September. 
The reappearance of Nova Auriga, however, is not mentioned, 
and, consequently, nothing is said of its nebulous character as 
demonstrated spectroscopically by Professor Campbell and 
(independently, the same night) visually by Professor Barnard. 
The velocity of Arciurus in the line of sight is given 3, 100 miles 
per minute. In 1890, Professor Keeler, from his own and 
Vogel's observations, showed this to be enormously in error. 
(See Publications A, S. P., No. 11, page 284.) In considering 
the motion of the system of Algol, no account is taken of the 
important investigations of Vogel and Chandler. (See Astro- 
nomische Nachrichten, No. 2947 and Astronomical Journal, Nos. 
225 and 226.) Such statements as the following speak suffi- 
ciently for themselves. Thus, of y CassiopecB, *' It contains some 
incandescent hydrogen : it has been burning more than 2,000 
years and the fire seems to be as fierce as ever. * * Of the great 
nebula in AndromedcB, * * The spectral analysis indicated that this 
nebula is entirely gaseous.'* Etc. 

The book is illustrated by nearly 150 cuts, most of which, 
however, are merely diagrams of double stars. 

The book might have been materially improved by extend- 
ing the account of shooting stars, comets and the planets, and by 
including also an account of the Sun and Moon. As it is, it con- 
tains much that will be of value to amateur astronomers who are 
interested in double stars. 
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NOTICES FROM THE LICK OBSERVATORY. 



Comet Holmes. 

Comet Holmes has been an object of extraordinary ii 
Its spectrum and its lorm at discovery were unique (see Publica- 
tions A. S. P., No. 26, p. 249); and its subsequent changes irf 
form have been remarkable. On November 8 it was verybright, 
well defined, nearly round, and about 5'.5 in diameter. It grew 
larger and fainter, until, on November 24, I observed it to be 
about 20' in diameter, and to have assumed the ordinary comet 
form. It continued to diminish in brightness, and Professor 
Hough writes that about the middle of December it had become 
so Clint as to be a difficult object with the 1 8J^ -inch refractor, and 
that the volume diminished, until, on [he 14th of January, it 
appeared like a faint globular nebula, about 2' of arc in diameter. 

Some time between January 14 and 16 the faint nebulous 
mass changed into what appeared to be a nebulous star of about 
the 8th magnitude ! It was first detected by Palisa of Vienna, 
and, later the same evening, by Hough at Evanston, by Wilson 
at Northfield, and by Barnard at LlcK Observatory. The stellar 
nucleus was surrounded by a bright and well defined nebulosity, 
about 45" in diameter. Observations on succeeding evenings 
showed that the nucleus was decreasing in brightness and the 
nebulous envelope was growing larger and fainter. \n February 
the comet was very diffuse, with a very poorly defined nucleus 

In view of the fact that the orbit of the comet does not differ 
greatly from those of the asteroids, Mr. S. J. Corkigan of Si. 
Paul suggested that possibly the origin of the comet could be 
attributed to the collision of two asteroids, but, after a careful 
investigation, he concluded that no two of the already discovered 
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asteroids could so collide. He therefore suggests as a hypothesis 
that the comet had its origin in the collision of two asteroids which 
were still undiscovered. 

The most interesting and scholarly paper on this comet which 
we have seen is from the pen of Professor Boss of Albany, recently 
published in the Astronomical JoumcU. In the following article 
will be found copious quotations from that paper. W. W. C. 

CONXERNING THE OrBIT OF CoMET HOLMES, AND ON THE 

Fluctuations in Brightness of that Comet [by 

Lewis Boss, Director of the Dudley 

Observatory, Albany, N. Y.]. 

"Considering the past behavior of this comet it may be thought 
desirable to keep a watch upon its place for some time to come. 

In order to facilitate this purpose, I present herewith the results 
of a new calculation of its elements. These are based upon normal 
places derived from observations of November 8 to November 15, 
inclusive, 31 observations; December 9 to December 16, 16 obser- 
vations; January 16 to January 21, 20 observations. * * * 

ELEMENTS. 

Epoch 1892, December 14.5, Gr. M. T. 
M= 26^ 18' 27".6 
T=345 53 28.8' 

(0= 14 12 I4.Q . 

^ ^ ^ ^ V1892.O 

/= 20 47 16.5 
<^= 24 II 52.4 

M= 513"- 9093 
log. a = 0.5594134 

T= 1892, June 13.21138 

log. q=: 0.3303468 

Period 2521.85 days. 

The next perihelion passage is therefore due about May 10, 
1899, and under rather less favorable relations than those which 
theoretically existed for the opposition recently passed. 

Taking into account the apparent precision of the observa- 
tions, together with the satisfactory representation of the totality 
of observations since discovery, it becomes quite evident that 
there has been no very great displacement of the nucleus during 
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the recent outburst. A total angular displacement of lo" at right 
angles to the line of vision would have implied an actual displace- 
ment of little more than 10,000 miles. To have produced this 
displacement within five days would have required an alteration 
of less than one-fourth of one per cent. (0.0025) in the orbital 
velocity of the comet, which, at the time of the outburst in 
January, was moving very nearly at right angles to our visual line. 
It is difficult to suppose that a collision, of sufficient violence 
to have produced the great increase of brightness which was 
observed, would not have produced a displacement of the nucleus 
that would have been easily measurable. 

A similar argument might apply in some degree against the 
assumption of an explosion, not absolutely symmetrical, on a 
scale sufficient to disrupt a nucleus composed of solid matter, 
and to drive the fragments violently apart. Perhaps, in making 
such an assumption, one might suppose an e.xplosion of com- 
paratively little violence with the scattering of a cloud of dust or 
the release of imprisoned gases. Both in the days following the 
outburst in January, and, after discovery, November 6 (previous 
to which it is probable that an outburst had occurred), the nebu- 
lous envelope of the comet was observed to be in a state of rapid 
apparent expansion. Supposing this to have been due to pro- 
jectile velocities, mechanically imparted to particles of dust, would 
imply a violent initial shock; in which case a little reflection would 
show that it would be necessary to suppose that the disruptive 
energy must have acted with remarkable and perhaps incredible 
symmetry in every direction. If it is considered that the increase 
of brightness may have been due to the ignition and incandescence 
of uprushing gases, the spectroscope should have made us aware 
of that fact. Yet it is notable that the spectrum of this comet has 
not shown even the usual cometary bands, much less the bright 
lines of incandescent gases. 

On the other hand, it is not necessary to suppose that dust 
particles were driven off from the nucleus by ordinary mechanical 
agencies alone, nor that uprushing gases would need to become 
incandescent in order to be visible. The objection to what might be 
termed the eruptive hypothesis lies in the difficulty of accounting 
for the occurrence of an eruption at times when we must suppose 
that the tt-niperature of the comet had been decreasing for a long 
period. Then, too, the difficulty of accounting for two successive 
eruptions of nearly equal magnitude must be considered as vastly 
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greater than that of accounting for only one — if not, indeed, as 
insuperable. Therefore, while the eruptive hypothesis may be 
considered not to be entirely outside the pale of permissible 
speculation, the admission of it seems to be beset with difficulties 
which make some other plausible explanation worthy of attention. 

That the brightness of comets may be due in part to electrical 
action, of a nature similar to that which produces the terrestrial 
aurora, seems to me to be a hypothesis that offers fewer objections 
than any other which has been proposed. It has appeared to me 
to be extremely probable that the corona of the Sun is also of a 
nature analogous to that of our aurora. For the existence of 
auroral manifestations near a celestial body, it may be assumed 
that surrounding space filled with matter in a finely divided state, 
and of extreme tenuity, is most favorable. The upper regions 
of the Earth's atmosphere, in which the aurora is formed, are 
undoubtedly of this nature. Much evidence exists to prove that 
the matter which fills the coronal regions about the Sun is also of 
this description. The evidence to this effect is still more con- 
clusive as to the physical constitution of the envelopes and tails 
of comets. 

Thiit there is an electro-magnetic action between the Sun and 
the Earth may be regarded as an established fact, which is 
evidenced by the synchronism of the periods of solar disturbance 
with those of auroral displays and of the elements of terrestrial 
magnetism, — with special and much more striking coincidences 
of this kind on occasions of unusually intense disturbances. It is 
entirely natural and reasonable to suppose that this form of inter- 
cosmical action also obtains between the Sun and other bodies of 
the solar system. Considering the enormous extent of the nebu- 
lous surroundings of comets, together with other facts concerning 
their physical constitution and the variation of their distances from 
the Sun, with probable coincident variation in temperature, it 
seems not unreasonable to suppose that the action of electro- 
magnetic energy from the Sun upon these bodies may be far 
more intense and persistent than is the case with other bodies 
of the solar system. 

The development of cometary tails may be completely 
explained through the agency of a supposed form of energy 
acting from the Sun in a sense contrary to that of gravitation. 
It is physically possible that this energy may be synonymous 
with electrical repulsion due to similar electrifications. The 
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electrical -repulsion hypothesis to account for the development 
of the tails of comets was suggested by Olbers, and has found 
favor with many special students of this subject. There is a mass 
of carefully collected mathematical and physical evidence in sup- 
port of this view, which has already been placed on record in the 
works of ZoLLNER, Bredichin and others, and no objections or 
counter-evidence of weight have been presented. 

According to the electrical-repulsion hypothesis the molecules 

of matter composing the nebulous envelope are repelled not only 

by, the Sun, but also by the nucleus of the comet. This action of 

the nucleus was taken into account by Bessel, in his classical 

Paper upon the tail of Halley's comet, and is a necessary factor 

in all refined investigations of this kind. In case of any unusual 

electrical disturbance in a comet, the first effect would be the 

Repulsion by the nucleus of the matter composing the coma, and 

^He latter would expand on all sides. This expansion would take 

P>lace quite symmetrically, until the molecules acted upon reached 

^^ distance from the nucleus where the repulsive action of the Sun 

l>«canie proportionally large in comparison with that of the 

'^^ucleus. Then the molecules would be driven back to form the 

il. This seems to be precisely what took place with the comet 

Holmes subsequent to discovery, and the matter, fresh in 

^'Tiind, does not appear to call for a more detailed exposition at the 

F> resent time. Furthermore, the more intense the initial electrical 

isturbance in the central parts of the comet, the greater would be 

expansion of the coma before the peculiar action of tail forma- 

"tion would become strikingly manifest; and a mathematical devel- 

^^pment of the resultant energies brought into action will show that, 

vinder the circumstances described, the tail would be extremely 

l>road and diffused in comparison with the tails of other comets 

p>roduced under less sudden and violent electrical excitation in 

tilie nucleus. 

Every one who has had much experience in the observation of 
^i^omets must have been impressed with the belief that after making 
^.11 due allowances for the varyinj^ transparency of the atmosphere 
<z>n different occasions, the brightness of telescopic comets does 
ruaterially vary without strict reference to the relations of dis- 
tance and by no means with regularity. The variations in 
iDrightness of th*e periodic comets, at their successive returns to 
p)erihelion, seem to be largely independent of theoretical relations 
<^epending upon their relative distances from the Sun and Earth. 
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There have been notable instances of abnormal temporary vari- 
ation in brightness of comets, such as that of the relative brightness 
of the two fragments of Biela's comet, the outbursts of Comet 
1888 I (Sawerthal) and others. The hypothesis that a part of 
the light of comets comes from electrical excitation in the nebulous 
envelopes seems to afford the readiest and most reasonable 
explanation for these variations of brightness, — the only apparent 
drawback being that the adoption of this hypothesis might call for 
a reason why the abnormal variations in the brightness of comets 
are not more frequent and decided. In all probability the visibility 
of comets is largely, if not chiefly, due to reflected sunlight, which 
would give a constant element of brightness that would serve to 
render the abnormal changes less striking. 

The presence of bright bands in the spectra of comets implies 
incandescence of the matter composing them. Considering the 
tenuity of the nebulous envelopes of comets, in connection with 
their volume and the minuteness of the nuclei, and taking into 
account the probable low temperature of space, it is quite certain 
that this incandescence is not due to heat in its ordinary form 
(i. ^., from non-electrical sources of heat), and it seems to be 
impossible to account for it otherwise than as a manifestation 
of some form of electrical action. This, at least, would seem to 
be the case with by far the greatest number of comets, excepting 
only the few that approach the Sun so nearly as to be subjected to 
a solar radiation sufiicient to produce incandescence. 

Finally, it may be asserted that the physical appearance of 
comets is not opposed to this hypothesis of auroral origin for a 
part of the light, but that, on the contrary, it is quite favorable to 
that hypothesis. At the distances from which comets are viewed, 
the form and pulsations of individual streamers should be entirely 
invisible, as would be, under like circumstances, the detiiils of the 
terrestrial aurora. All it would be necessary to assume is that this 
auroral action is more uniform in the surroundings of comets than 
those of the Earth. 

Whatever may be the cause of the fluctuations in the brightness 
of the comet of Holmes, it may be considered desirable to keep 
a watch upon its place for some time after it shall have become too 
faint (perhaps temporarily) for observation. To aid in maintaining 
such watch the subjoined Ephemeris has been prepared by my 
assistants, Messrs. Lay and Bexton, who hive also assisted in 
the computations for the Elements: 
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EPHEMERIS FOR GREENWICH— MIDNIGHT. 
1893. App. a. App. 8- log. A 





h. 


m. 


5, 





9 


It 




April 3.5 


3 


28 


10.5 


+36 


17 


36 


0.54929 


7.5 


3 


35 


33.9 


36 


27 


58 


0.55565 


II. 5 


3 


42 


59.5 


36 


37 


55 


0.56174 


155 


3 


50 


26.7 


36 


47 


25 


0.56757 


19.5 


3 


57 


55.5 


36 


56 


24 


0.57314 


23.5 


4 


5 


254 


+37 


4 


51 


0.57846 



(Reprinted from the Astronomical Joumalt No. 292.) 

The Spectrum of Holmes' Comet. 

The nature of the spectrum of Comet Holmes has an impor- 
tant bearing upon the question of the origin of that strange 
object, and I wish to present in detail my reasons for saying with 
confidence that ** underlying the continuous spectrum there is 
certainly a trace of the green band.*' 

On November 8 and 9, when the most condensed portions of 
the comet were in the slit, there was seen to be a very slight 
maximum of light at about A. 515, but it was so slight that the 
micrometer wire could not be set on it with accuracy. But when 
the bright parts were thrown out of the slit and the diffuse eastern 
edge brought in, the contrast between the continuous spectrum 
and the maximum spoken of above was unmistakable. On 
November 9 Mr. Townlev assisted me. He had never seen a 
comet spectrum before, and had no practical knowledge of where 
the usual cometary bands lie. I requested him to examine the 
continuous spectrum ( of the eastern edge of the comet ) from one 
end to the other ; and if he saw any region surely brighter than 
the regions just above and below, to set the very heavy wire of 
the micrometer upon it. He did so almost instantly. I then 
narrowed the slit, threw in the magnesium comparison spark 
(^.-^4) and noted the position of the wire. Twice more I asked 
him to set the wire on the maximum, and I compared his settings 
as before with the magnesium lines. Without any knowledge on 
his part of where the green band usually falls, or of how his set- 
tings compared with the magnesium lines, his three settings all 
fell between \ 516 and ^514, We were both confident, also, 
that the maximum was more sharply defined on; the red side than 
on the violet. 

I examined the spectrum on November 24, at which time the 



loo Publications of the 

comet had become much more diffuse. All parts of the comet 
gave a continuous spectrum and a trace of the green band, wave 
length about 516. As before, the band was most noticeable in 
the spectrum of the fainter regions of the comet. W. W. C. 

The New Dudley Observatory at Albany, New York. 

Letters received from Professor Boss, the Director of the 
Dudley Observato/y, and an excellent press- telegram in the 
New York Tribune of September 24, 1892, give some account 
of the new Dudley Observatory buildings and equipment The 
accompanying cut is from the Tribune article. 

The Dudley Observatory was originally founded in 1857, by 
gifts from citizens of Albany. $105,000 were given by the widow 
of Charles Dudley of Albany and $80,000 by other persons. 
The observatory was built under the direction of Dr. B. A. Gould. 
Difficulties with the Trustees prevented the first Director from 
carrying out the plans at Albany which he afterwards adopted for 
his survey of the Southern Sky at Cordoba. (See Publications 
A. S. P,y Vol. IV, page 25.) Dr. Gould was succeeded by 
Professors Brunnow and Mitchell, and finally by Professor 
Hough, now of the Dearborn Observatory at Evanston, Illinois. 
Two volumes of observations, etc., were published by the 
observatory during the administrations of these gentlemen 
Professor Boss was appointed to be Director in 1876. The 
income of the observatory was very small, but a special fund of 
$2700 was subscribed to provide for paying computers and 
copyists, and with this small sum Professor Boss undertook to 
observe one of the zones of the Astronomische Gesellschaft con- 
taining 8243 stars of the gth-ioth magnitude or brighter lying 
between 1° and 5° of North Declination. The observations were 
made during the years 1878- 1882, the computations practically 
finished in 1884, and the final catalogue in 1887. This very 
important work is a model for pubHcations of its class. Professor 
Boss's chosen work is the determination of fundamental places of 
standard stars. For this purpose it is above all necessary to have 
a suitable meridian-circle mounted in a site free from disturbances 
by railway trains, etc., etc. The N. Y. Central R. R. tracks are 
v'cry near to the old observatory, and it was determined (in 1891) 
to exchange the former site for a new one which should be free 
from this and other objections. This exchange was effected, 
and a sum of $15,000 gained in this way: Miss Catherine 
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Bruce of New York City gave an endowment-fund of $25,000; 
(Miss Bruce, a member of this Society, had already given 
$50,000 to provide the photographic telescope for Harvard Col- 
lege Observatory). Other subscriptions amounting to nearly 
$19,000 have been received, mostly from the children of Messrs. 
Olcott and Pruyn, once Trustees of the original observatory. 
The new site is said to be entirely satisfactory. The plans for the 
buildings have been prepared by Professor Boss himself A new 
1 2 -inch equatorial has been provided ; and the former meridian- 
circle will be improved in several respects, and mounted and 
housed in the best manner. The rough cut herewith shows the 
general appearance of the observatory and the observers* house. 
The building for the meridian-circle is behind these structures, and 
is hidden by them. To complete the equipment, some $6,000 
more are required, which will, no doubt, be provided in due time. 
The new Dudley Observatory has been built to do a definite 
class of work entirely on the plans of the astronomer who has the 
work to do. It is hoped to be ready for work in the autumn of 
1893. Even this inadequate account of the new institution will, 
no doubt, be welcome to those who know how much is to be 
expected from it. E. S. H. 

Photographing the Corona Without an Eclipse. 

Several years ago Dr. Huggins made a series of experiments 
to determine whether it is possible to photograph the solar corona 
without an eclipse of the Sun. The difficulties to-be overcome do 
not arise so much from the presence of the intensely brighter 
photosphere as from the fact that to all appearances the diffused 
light in our own atmosphere during full sunshine is stronger than 
the light of the corona. Dr. Huggins was hopeful of finding 
that in some region in the photographic part of the spectrum the 
light of the corona would exceed that of the sky. If only that 
part of the spectrum were used to photograph the Sun's sur- 
roundings, the contrast between the corona and the sky would 
permit the coronal outlines to be registered on the negative. By 
interposing colored glass screens between the lens and sensitive 
plate different parts of the spectrum were successively employed, 
and the best results were obtained by using only the blue rays. 
The images on some of his plates strikingly resembled the corona 
in form ; but it was not certain whether they were coronal or false 
images due to instrumental defects. 



\ 
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In a recent number of the Comptes Rendus M. Deslandres 
of Paris describes some experiments made by him having the 
same object in view. He employed two prisms which were exactiy 
alike, placing them at a considerable distance apart, with their 
refracting edges parallel but the base of one turned in a direction 
opposite that of the base of the other. The sunlight which 
passed through the first prism was decomposed, and a small portion 
of the spectrum thus formed was allowed to fall on the second 
prism. Passing through the prisms and a lens, the image of the 
Sun and its surroundings was formed on the sensitive plate and 
photographed. By suitably moving the second prism images of 
all colors could be formed on the plate. When the ultra-violet 
portion of the spectrum was used, M. Deslandres found that 
corona' forms were photographed ; but whether they were truly 
coronal or of instrumental origin he was unable to say. Professor 
Hale of Chicago made similar attempts last year, using the 
same general principles, and arrived at exactly the same results. 
He is now having cbnstructed an instrument with which to con- 
tinue the experiments, and he hopes to obtain results of practical 
value. 

Our present limited knowledge of the corona depends upon 
observations made at eclipses with great haste and inconvenience. 
The experiments made by Messrs. Huggins, Deslandres and 
Hale do not offer much encouragement that the corona can be 
photographed and studied at our leisure. Successful results in 
this work would be extremely valuable : not only would our 
knowledge of the Sun be rapidly extended, but astronomers 
would largely be relieved from the responsibility of expensive 
and perilous voyages to observe eclipses. W. W. C. 

Classification of Stellar Spectra. 

Prof Lock YE R has communicated to the Royal Society a 
discussion of 443 photographs of 171 bright stars which have 
Ijeen obtained at Kensington and VVestgate-on-Sea during the 
past two years. The spectra were formed by placing prisms 
of 7^2° and 45°, at different times, in front of the object-glass of 
a 6 -inch refracting telescope. The discussion is based primarily 
upon the amount of continuous absorption in the violet end of the 
spectra. The varying thickness of the hydrogen and other lines 
is also takt-n into account, and several very interesting facts come 
out o( the classification of the spectra. Thus, stars which show 
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no remarkable absorption in the violet are characterized by broad 
hydrogen lines. Stars which show a considerable absorption in 
the ultra-violet have thinner hydrogen lines, of about the same 
average thickness as those in the solar spectrum. Stars showing 
a very considerable amount of continuous absorption in the violet 
have very thin hydrogen lines. The same arrangement does not 
hold true for the other lines of the spectra, however, for ' ' there 
are stars in which the hydrogen lines have the same average 
thickness, while the remaining lines are almost entirely different." 
An attempt has been made to arrange the stars with reference to 
their temperatures. 

It will be remembered that a few years ago Prof Lockver 
published his Meteoric Hypothesis, which contends that all celes- 
tial bodies are, or have been, swarms of meteorites, the difference 
between them being due to different stages of condensation. It 
*s his opinion that these results confirm the conclusions previously 
arnvedatfrom visual observations. Prof. Lockver's hypothe- 
sis depends very largely upon assumed wave lengths of lines in 
tne bright-line spectra. Until recently these wave lengths were 
*^nown only very roughly. The observations of nebular spectra 
"y Keeler and others show pretty definitely that Prof LocK- 
^*^*S assumptions regarding the principal nebular lines are not 
enable. My observations of the bright lines in the Wolf- 
'^Av^j stellar spectra (see note respecting y Argus below), show 
,^^ the wave lengths of the lines are, for the most part, radically 
^n^rent from those assumed by Prof. Lockver. W W. C. 

Or. Henry Draper's Photographs of the Moon. 

*ri these Publications, Vols. Ill, page 374, it was mentioned 

^^ it was the intention of Mrs. Anna Palmer Draper to pre- 

"^^ to the Lick Observatory a selection of copies of the best 

^^^tives of the Moon made by Dr. Henry Draper at his 

^^r\'atory at Hastings-on- Hudson in the years 1 863-1 880 with 

^^ctors of 28 and 15.5 inches (made by himself), and with an 

^^ "*^ch photogahphic refractor (made by Alvan Clark & 

^ ^S). The originals of these pictures are deposited in the 

, 5^*v^mbia College Observatory, New York. Mrs. Draper's 

, ^^ intention has recently been carried out, and a set of copies 

^ ^ been presented to the observatory. They were made by Mr. 

r^ ^^>^ELL, of the College Observatory, under the direction of 

^^tcssor Rees. The photographs were taken on the following 

The **age" is approximate only: 
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Sept. 2, 


. 19 days. 


July 16- 


. 22 days. 


Sept. 3 


. 20 days. 


Sept. 9. 


.18 days. 


Sept. 3- 


. 20 days. 


Sept.. 2. 


.21 day,. 


iB&t. 


Ate. 


Sept. 13. 


.22 days. 


June 13. 


. 9 days. 


ISJ4. 


Age. 


June 13, 


. 9 days. 


July 22. 


. 9 days. 


Oct. 18. 


. 17 days. 


July 24. 


. 1 1 days. 


.872. 


Age. 


■S78. 


Age. 


Sept. 9. 


. 7 days. 


July .4. 


. 14 days. 




1S80. 


Ag., 






Aug. 29, 


. 24 days. 






Aug. 29. 


. 24 days. 






Sept. 24. 


. 20 days. 






Sept. 30- 


. 26 days. 





The grateful thanks of the observatory are returned to Mrs. 
Draper for this important addition to its collections. E. S. H. 

The Motion of the Solar System. 
Dr. Kempf of Potsdam, at Prof. Vogei.'s suggestion, has 

investigated the value of the recent Potsdam spectroscopic ob- 
servations, when applied to tiie problem of the Sun's motion in 
space. The velocities of 51 bright stars were measured. By 
giving equal weights to the results for all tjie stars and solving 
for the resultant motion of ail (which is assumed to be exactly the 
opposite of the Sun's motion) it was found that most probably 
the solar sj'stem was mo\ing towards that point of the heavens 
whose co-ordinates are : 

R. A. =^ 2o6°.i ± 12°. o. Dec. ^= -\- 45^.9 ± 9°.2, 
with a velocity of 11.61 ± 1.84 English 'miles per second. But 
it is known that in certain groups of stars the individual stars 
have nearly equal velocities and proper motions. Such groups 
are, in the Potsdam list. ^. y. 8, t. (, Ononis, 0. y. t. I v l^rsa 
Majoris, and a, /J, S Lconis. By treating; each of these groups as 
if it were a .single star. Dr. Kf.MPK obtained the following as the 
most probable elements of the soiar motion : 

R. A. --- i59°-7 ± 2o°.2. Dec. = ->- 50°. o ± 14°.^, 
Velocity = 8.06 ± 2.02 Knglisli miles. 
Previous determinations of the solar motioii have all been 
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based upon proper motions and parallaxes. The half-dozen 
determinations by Struve, Stumpe, Boss and others all place 
the direction of motion between the limits 

252° and 290° for Right Ascension, 
and + 14° and + 51° for Declination. 

It will be noticed that the Potsdam results both lie far outside 
these limits in Right Ascension, and very near the upper limit in 
Declination. 

By assuming the direction determined by L. Struve, 

R. A. = 266°.7. Dec. = + 3i°.o, 

and solving for the velocity as the only unknown quantity, Dr. 
Kempf obtained 

Velocity = 7.64 ib 1.84 English miles. 

As a result of the investigation Prof. Vogel concludes that 
the data of observation are not extensive enough to furnish with 
any certainty the co-ordinates of the point towards which the 
solar system is moving ; but that the observations, few as they 
are, determine the velocity of the motion more satisfactorily than 
do the earlier investigations which were based upon the apparent 
proper motions and the very uncertain distances of the stars. 

W. W. C. 

Universal Time. 

The bill declaring the legal time for Germany to be that of the 
15th meridian east of Greenwich passed the third reading on 
February 16. It is to come into force on April i. In a letter 
addressed to the Astronomer Royal, it is stated by Dr. Schram 
that a similar bill has been laid before the Austrian Parliament, 
and it is hoped that the change will be made simultaneously with 
Germany. The draft of the Austrian bill provides — 

I. That the legal time in Austria is the mean solar time of the 
meridian 15° east of Greenwich. The same is to replace on 
April I, 1893, the present local times for legal, civil, and all other 
purposes. 

II. The Government is authorized to make the changes in 
the school and industrial hours, which will become necessary in 
consequence of the adoption of the above. — From The Observa- 
tory, March, 1893. 
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The Visible Spectrum of y Argus. 

I have recently undertaken to determine as accurately as pos- 
sible the positions of the bright lines in the spectra of some of the 
Wolf-Rayet stars. Fifty stars of this type are now known, of 
which y ArguSy of the 3d magnitude, is the only bright one. 
When this star is on the meridian of Mt. Hamilton its altitude is 
less than 6°, and can be observed with the great telescope only a 
few minutes each evening. Nevertheless, I have secured a few 
observations of its visible spectrum, which, while not as accurate 
as they would be if the star were advantageously situated, may 
be of interest. The following wave lengths are preliminary only, 
since I have not at present the accurate wave lengths of the com- 
parison lines employed. The continuous spectrum is visible from 
about B to K, being particularly strong in the blue and violet : 

BRIGHT lines IN THE VISIBLE SPECTRUM OF y ARGUS. 



Line. 


1893, Feb. 15 


Feb. 17 


Feb. 18 


Feb. 19 


Feb. 20 


Feb. 22 Feb. 23 Feb. 27 Mar. 27 


Mean. 




670 








6727 




6726 






6726 
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6563 








6564 




6566 






6564 


D3 


5876 


5874 
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5875 


5875 


5S75 




5814 


5814 


5813 










5809 


5813 


5813 




5695 


5695 


5694 
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5693 
5594 
5412 


5696 


5695 
5594 
5412 










4691 


4690 


4692 




4689 


4689 


4690 










4652 


4651 


4651 


4440 


4651 
4442 


4650 
4442 


4651 
4441 



A. 6726 and A. 5594 are rather broad, faint and poorly defined 
bands or lines. A. 541 2 is extremely difficult, and is the same line 
that is very bright in some of the Wolf-Rayet stars at about 
^54^5- ^4651 is broad, much brighter than its companion at 
A. 4690, and is strongly suspected to be double, with components 
near wave lengths 4644 and 4659. The relative intensities of the 
lines will be shown later in an intensity curve. 

A photograph of the spectrum, just obtained, though very 
much over-exposed, shows many additional bright lines, and also 
that the II yy H h and II lines are dark. The C line is very 
bright. W. W. C. ' 

1893, March 29. 
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Photograph of a Bright Meteor. 

Ansonia, Connecticut, March 18, 1893. 

^Secretary of the Astroyiomical Society of the Pacific, 

Dear Sir:— I take pleasure in sending herewith a print of a 

:ineteor trail which I obtained on January 13 of this year. I was 

trying to get a photograph of Holmes' comet to add to some I 

Iiad already made, and while so engaged was startled by a bright 

iight. On developing the plate I found that an immense meteor 

iiad passed direcdy across the centre of my plate (a 4x5). The 

-exposure on the stars was for 33 minutes, and although these are 

"very distinct and show down to 10^ magnitude, the meteor trail, 

'vvhich was of course instantaneous, is very much more intense 

than any of the stars. 

This, plate is valuable also as testifying to the extreme faintness 
of Holmes' comet on January 13, the exposure of 33 minutes 
iling to bring it out Within three days it had altered, as you 
-ow, to an 8th magnitude star. The change, therefore, must 
^3.ve taken place after the 13th. Microscopic examination of the 
^"Heteor trail reveals very remarkable fluctuations of the light of 
meteor during its passage across the plate. An enlargement 
about seventeen times looks like a row of knots tied in a string, 
lese are undoubtedly due to small pieces breaking off, and also 
^^^ the revolution of the meteor on its axis. 

Yours respectfully, 

John E. Lewis, Member A. S. P. 

Large Discs of Optical Glass. 

It is reported that Mantois of Paris, the celebrated maker of 

^^F>tical glass, is preparing discs thirty inches in diameter to be 

Exhibited at the World's Fair. It is to be hoped that they may be 

^giired and retained in this country. They ought to come to 

^-^lifornia. The number of observatories provided with powerful 

^^lescopes can still be increased without having too many. The 

^oience of astronomy is broadening rapidly, new fields of investi- 

S^ition are being opened up, and by reason of the vast amount 

^nd great variety of work to be done, no one great telescope 

"^ould necessarily duplicate the work of another. For this reason 

grreat telescopes are not competitors. W. J. Hussey. 

Stanford University, March, 1893. 
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New Photographic Spectroscope for the 36-lNCH 
Equatorial. 

The present star-spectroscope of the 36-inch equatorial was 
designed for visual observations only. The work of Messrs. 
Keeler and Campbell has shown it to be entirely satisfactory 
in this kind of observation. Mr. Campbell's photographic 
spectroscopy has been done so fer by simply replacing its eye- 
piece by a small camera. But the construction of the instrument 
does not give enough stability to allow of long- continued photo- 
graphic exposures. In such cases flexure must be provided 
against by setting the whole optical train rigidly within a trussed 
beam of some sort, either as designed by Prof. Vogel at Pots- 
dam, or by Professors Hale and Keeler at Chicago and 
Allegheny. Professor Campbell has worked out plans of this 
sort, and Mr. D. O. Mills of New York, a member of thi^ 
Society, has generously provided the necessary money to carry 
out the plans. The instrument will be built by Mr. Bkashear. , 
and it is expected to have it at work during the present summer- 

E. S. H. 

Vegetation oi-^ the Summit of Mr. Hamilton. 
Prof. Edward Lee Gree.\e h;is written a paper on th^ 
vegetiition of the summit of Mt. Hamiltou, based on :» 
botanical survey made by him m 1891, and on the examination 
of cullection-s of dried plants made here by C. T. Blake, Elsq. , 
and by Miss Mildred Holden". A li.st of 212 species is given 
ill the paper, with descriptions of the new ones. The article is 
printed in Vol. I, No. 4 of the new journal, Eryi/iea, edited by 
the members of the Department of Botany of the University oi 
Gililornia. E. S. H. 

Changes in jV'oiw Aihica;. 

'XhsNova was observed for brightness in the 36-inch telescope^ 
and 4-inch finder on March 25. It was estimated to be o.S 
magnitude brighter than in November, and about 0.5 magnitude 
brighter than in August. The nebulosity has increased to -a 
remarkable degree since August. Two wholly inexperienced 
observers were called in to state which of the half-dozen stars in 
the field W.-IS nebulous. They selected the Nova almost instantly, 
though it was only a few degrees from the Moon. W. W. C. 
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Award of the Acton Prize to Miss Agnes Clerke. 

Once in seven years the Acton prize of ;^ 100 is awarded to 
that person whose scientific writings have been most serviceable 
to the cause of Natural Religion. The last prize was adjudged 
to Professor G. Stokes of Cambridge University, late President 
of the Royal Society of London. This year the recipient is 
Miss Agnes Clerke, the author of the ** History of Astronomy 
in the XIX Century/* of the '^ System of the Stars/'* of the 
** Studies in Homer," etc. The justice of the award is evident ; 
and it is especially noteworthy that Miss Clerke succeeds the 
distingubhed physicist, Sir G. Stokes. E. S. H. 

Forest-Fire near Mount Hamilton, August, 1891. 

After the termination of the forest fires spoken of in these 
PubticatianSy Volume III, page 292, other great fires broke out 
on Mount Ysabel, about two miles directly east of the observa- 
tory'. A number of excellent photographs of this fire were taken 
by Professor Campbell. One of these is reproduced in the fron- 
tispiece of the present number from a block kindly furnished by 
the editor of the Califomian Illustrated Magazine. E. S. H. 

Discovery of Asteroids. 

The application of photography to the discovery of asteroids, 
for which Dr. Wolf of Heidelberg recently received the medal 
of the French Academy, is rapidly extending the list of these 
objects. About twenty-five have been discovered since January i , 
and by only two observers, Wolf and Charlois (of Nice). 

W. W. C. 

Bright Meteor, April 14, 1893. 

While in the north dome, showing visitors the Orion Nebula, 
a very bright meteor passed across the slit at ^ 23™ P. S. T. , in 
a S- E. direction through Auriga, It was much brighter than 
a first magnitude star, and left a train of fire which was visible for 
several seconds. C. D. P. 



Sec Pubticaiions A. S. /*., Vol. Ill, page i8o. 
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Honorary Degree Conferred upon Professor Barnard. 

The honorary degree of Doctor of Science was conferred upon 
Professor Barnard by the Vanderbilt University of Nashville, 
Tennessee, in March, 1893. He had previously received (1889) 
the honorary degree of M. A. from the University of the Pacific, 
San Jos6. E. S. H. 

Graduate -School of Astronomy at Mt. Hamilton, 1893. 

The following named persons will be with us during a part or 
the whole of the Academic year. We shall be obliged to decline 
to receive any others, on account of a lack of suitable quarters: 

S. J. Cunningham, Sc. D., Professor of Astronomy and Director of the 
Observatory, Swarthmore College, Pennsylvania Special. 

William J. Hussey. B. S., C. E., Assistant Professor of Astronomy, 
Stanford University, California Special. 

A. O. Leuschner,* B. a., Instructor of Astronomy in the University of 
California, Berkeley Cand. Phil. 

Henry S. Pritchett, M. A., Professor of Astronomy and Director 
of the Observatory, Washington University, St. Louis, Missouri . . 
special, 

Herman D. Stearns, B. A., Instructor in Physics in the Stanford 
University, California Special, 

Sidney D. Townlev, B. S., M. S., Hearst Fellow in Astronomy . . . 
Cand. Phil. 

K. S. rl. 

Alphabetical Indexes to Special Libraries. 

Theoretically, the proper way to look upon a special scientific 
library is to regard it as a single book ; and to prepare a single 
index within which all information contained in the entire library 
is referred to. This has been done for several American libraries 
(notably in that of the Surgeon -General's office in Washington — 
where the index so far as printed takes XII large quartos, and 
refers to no less than 104,000 books and 159,000 pamphlets). 
In general such an index cannot be prepared on account of the 
time and labor involved. Wherever a special collection is dis- 
tributed by subjects on numbered shelves or in numbered cases or 
drawers, it is exceedingly convenient to have a brief finding- 
index, alphabetically arranged. And this is true whether the 
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library is a small one of a few hundred books, or a large one of 

niany thousands. Such an index has been prepared for use with 

the Lick Observatory Library, afnd is printed here because it 

Juay be useful to some of our members, and in the arrangement 

of the Library of the Society. E. S. H. 

ALPHABETICAL FINDING-INDEX OF ASTRONOMY. 



Aberration. 


Cosmology. 


Asteroids. (Ephemerides of) 


Description of Instruments. 


** (In general) 


" Observatories. 


Astronomical Bibliography. 


Double Stars. 


* • Biography. 


Drawings of Comets. 


* * Constants. 


Moon. 


* * Instruments. (Descriptions) 


Nebula. 


•• (Price-lists) 


Planets. 


(Theory oO 


Star-Clusters. 


• • Tables. 


** Sun (and Spots) 


Astronomy. (History of) 


Earthquakes. 


(Practical) 


Eclipses of the Moon. 


(Spherical) 


" Sun. 


(Theoretical) 


Electricity. 


Auroras. 


Ephemerides of Asteroids. 


Bibliography. 


Planets. 


Binary Stars. (In general) 


Satellites. 


(Orbits of) 


Stars. 


Biography. 


Sun. 


Book Catalogues. 


Fixed Stars. {See Stars) 


^Ufomia. (Statistics of) 


Geodesy. 


^talogues of Books. 


Geographical Positions. 


Colleges. 


" Latitudes and Lon 


•* Instruments. 


gitudes. 


Stars. 


Maps. 


Charts of Stars. . 


Geography. 


** ** Harbors. (5)f^Geogra- 


Geology. 


phy) 


Gravity (and Variations of). 


'^"emistry. 


Heat. 


^*^ronology. 


History of Astronomy. 


^^^ters of Stars. (Drawings of) 


** Lick Observatory. 


(Photographs of) 


'* Mathematics. 


College Catalogues. 


'• Physics. 


^lored Stars. 


Instruments. (Description of) 


^Oniets. (Drawings of) 


" (Price-lists of) 


*• (In general) 


(Theory of) 


(Orbits of) 


Latitudes. 


(Photographs of ) 


Lick Observatory. (I listory of) 


•* (Spectra of) 


Logarithmic Tables 


Z^^istants of Astronomy, 
instruction of the Heavens. 


Longitudes. 


Lunar. {See Moon) 
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Magnetism. 

Maps and Charts. (Stars) 
Maps. (Geographical) 
Maps of Moon. 
Stars. 
Mathematical Tables. 
Mathematics. 

(History of) 
Mechanics. 
Meteorology. (Observations) 

(Theory of) 
Meteors. 
Metrology. 
Milky Way. 
Miscellaneous. 

Miscellaneous Astronomical Obs. 
" Pubs, of Societies. 

Moon. (Drawings of) 
(Eclipses of) 
(In general) 
(Maps of) 
(Photographs of) 
Motion of the Solar System. 
Nebulae. (Drawings of) 
(In general) 
(Photographs of) 
Nebular Hypothesis. 
New Stars. 
Nutation. 
Obliquity. 

Observations. (Miscellaneous) 
Observatories. (Descriptions of) 

(Photographs), 
(Reports of) 
Occultations. 
Optics. 

Orbits. (Binary Stars) 
(Comets) 
(Planets) 
Paralla.x. (In general) 
(Moon) 
(Stars) 
(Sun) 

Pendulum Observations. 
Personal Equation. 
Perturbations. 
Photographs. (Clusters) 

(Comets) 
(Moon) 
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Photographs. (Nebulas) 

(Planets) 
(Stars) 
(Sun) 

Photography. (In general) 
Photometry. 
Physics. (History of) 
Planets. (Drawings of) 
(In general) 
(Orbits, etc.) 
(Photographs of) 
(Spectra of ) 
Practical Astronomy. 
Precession. 
Price Lists. ( Books) 

(Instruments) 
(Supplies) 
Proper Motion. (Stars) 

(Sun) 
Red Stars. 
Refraction. 

Reports of Observatories. 
Satellites. (Ephemerides of) 

*' CIn general) 

Statistics of California. 

United States. 
Solar. {See Sun) 
Sound. 
Spectroscopy. (Comets) 

(In general) 
(Planets) 
(Stars) 
(Sun) 

Spherical Astronomy. 
Stars. (Binary) 

(Catalogues of) 
(Colored) 
(Distribution of) 
(Double) 
(In general) 
(Magnitudes of) 
(Maps of) 
(New) 

(Parallax of) 
(Photographs of) 
(Proper Motion of) 
(Red) 

(Spectra of) 
(Uranometries of) 
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stars. (Variable) Theory of Instruments. 

Sun. (Drawings of) Time Services. 

(Eclipses of) Topography. (Mt. Hamilton) 

(In general) Transits of Mercury and Venus. 

(Parallax of) United States. (Statistics of ) 

* * ( Photographs of) University of California. 

(Proper Motion of) Uranometries. 

(Spectrum of) Variable Stars. 

** (SpKDts on) Variations of Latitude. 
Tables. (Astronomical) ** the Vertical. 

'* (Logarithmic) Zodiacal Light. 

'* (Mathematical) Zone Catalogues. 
Terrestrial Physics. ** Observations. 

Theoretical Astronomy. 

The New Mounting for the Naval Observatory 

Telescope. 

The new mounting for the 26-inch telescope of the Naval 
Observatory at Washington has recently been completed by 
Warner & Swasey of Cleveland, Ohio. The old mounting was 
built no longer ago than 1870, at a cost of $20,000, by Alvan 
Clark & Sons, but such a revolution has been wrought in 
appliances and mechanism for handling large telescopes since 
then, that it was necessary to construct the mounting entirely 
anew in order to have the telescope in keeping with the other 
instruments in what is to be the finest national observatory in the 
world. 

The new mounting will weigh thirty tons, about two-thirds of 
which comes from the cast-iron rectangular supporting pier, in 
which is built the great clock for driving the telescope in either 
stellar, solar or lunar time. 

The tube is of sheet steel, 38 feet long, 26 inches in 
diameter at the object glass, 31 at the center and 24 at the point 
where the eye-piece is placed. The sheets vary in thickness 
from one- tenth to one- twelfth of an inch, and have been carefully 
tested, with a view to bearing all the strain put upon them and 
maintaining a perfect tube. There is no ornamentation, by 
polishing or otherwise, except plain black paint. The weight of 
the tube is 2,000 pounds. 

The telescope is equipped for photographic and spectroscopic 
work and is very complete in all its appliances. One observer 
w ill be able to handle the great instrument easily and quickly. 
The difficulty met in observing a star when it is low in the 
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heavens, and the eye-piece is brought high above the floor, is 
overcome by raising the floor by hydraulic rams on the principle 
employed at the Lick Observatory and first proposed by Sir 
HbwARD Grubb. The observer touches an electric button in a 
key-board by his side and raises or lowers the floor at will. 

The clock is wound automatically by electricity. When the ; 

weights reach a certain point they switch on an electric current, ^ 

which is cut ofi" again when they are wound up. The ease in m 

handling the telescope is increased by the devices to reduce ^ 

friction. The shaft of the polar axis rests on hardened steel J^.i 

ball bearings resembling those in fine bicycles, and at the top it :3-ji 

works on a necklace of anti-friction rolls. — Adapted from a para- . 

graph in the Scientific American, March 35, 1893. 

Total Solar Eclipse of April, 1893. 

The following telegram was sent to the press on April 18: 

Lick OBSKmvATOHv, April 18, 1895. 

"A cipher lele£ram just received from Prof, Schaeiierle. in Cbile, . =. 
informs us that the Lick Observatory expedition lo observe the Toiat X ^ 
Solar Eclipse has been successful in every respect. The mechanical Mj^ 
theory of the solar corona proposed by Prof. Sckaeberle has been «-« n 
verified. A drawing of the corona of April 16 was published by him in m-m n 
January last as a prediction of what this corona was to be like; anti 1 X I 
understand his telegram to mean that the picture made by him months -^s «"s 
ago was a true representation of the actual corona visible at the eclipse. — ■^^■ 
This is an important verification of a very far-reaching theory. The ^^» ■* 
extension uf the solar corona was first photographed at the Califoniia .^^ ^^ 
eclipse of January i, 1889, and was fully described in the LiCK Observa -ca- 
lory report of that eclipse. 

Its existence was doubted by various European astronomers, and the^^»- *e 
cloudy weather did not allow it to be plainly photographed at the eclipse^^-^ 
of December, 1889. Now, however, Prof Sckaeberle telegraphs that*"-^^' 
it has been again successfully photographed at his station high up in tl«^*' *^^ 



Fifty photographs have been secured by Prof Schaeberle and hi^.i ■■* 
assistants, using three difierent telescopes. One of these instruments^;*' -t^ 
gives an image of the Sun over four inches in diameter, and the corona ^na 
covers a plate 18 by 12 inches. The whole programme was satisfaclorilr' '" -'V 

It is only proper to add that the expenses of the I.ICK Observator— ^»- -ry 
expedition were gecierously provided for by a gift from Mre. Senali — ^ — or 
Hearst of California, 10 whom science owes a new debt." 

Edward S. Holdek. 



\ 
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IMlNUTES OF THE MEETING OF THE BOARD OF DIRECTORS, 
HELD IN THE RoOMS OF THE SOCIETY, MaRCH 25, 

1893, AT 7:30 P. M. 

Vice-President Molera presided. A quorum was present. The 
minutes of the last meeting were read and approved. 

Baron Albert von Rothschild of Vienna, Austria, was elected a 
life member. The following members were duly elected: 

List of Members Elected March 25, 1893. 

Allen H. Babcock f Care General Electric Company, 

t 15 rirst ot. , 0. r., Uai. 

^Miss Frances L. Beans 489 N. First St., San Jos^, Cal. 

^Wrs. T. Ellard Beans 489 N. First St., San Jos^, Cal. 

Ernest A. Cleveland Vancouver, B. C. 

Isaac H. Davis Dorchester, Mass. 

C W. Dearborn { ^ Oakland''"cal^^"^ ""^ Savings, 

!F*rof. James Norris Hart Maine State College, Orono, Me. 

IWrs. A. G. Heaton [ ^3f Nineteenth St., Washing- 

( ton, D. C 

IMrs. M. E. HuTTON. . . *. -! '*m""'T ^'- ^^^ '^''""s*''^''' 

I New Jersey. 

{Instituto Mexico. Esquina Pla- 
teros y Empedradillo, City of 
Mexico, Mexico. 

R. S. Morrison Equitable Building, Denver, Colo. 

OuiLLERMO PUGA f National Observatory, Tacubaya, 

( Mexico. 



iron Albert von Rothschild* . . Vienna, Austria. 

Mr. MoLERA presented to the Board a communication, stating that 
^ Mexican Section has effected an organization at the National Observa- 
tory of Tacubaya, under the provisions of Article XVI of the By-Laws of 
the Society, with the following local officers: Executive Committee — 
-A, Anguiano (Chairman), Camilo Gonzalez, Francisco Rodriguez 
Hey, Agustin Aragon. 

It was, on motion. 

Resolved^ That the Mexican Section of the Astronomical Society of 
the Pacific be authorized and duly recognized. 

The Secretary was authorized to effect a fire insurance of |2,ooo on 
the property of the Society. 

Adjourned. 

Annual Meeting of the Astronomical Society of the 
Pacific, held in the Lecture-Hall of the Cali- 
fornia Academy of Sciences, March 25, 1893. 

The meeting was called to order by Vice-President Molera. The 
"JJnutes of the last meeting were approved. 
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A list of thirteen new members duly elected at the Directors* meet- 
ing was read to the meeting. 

The following papers were presented : 

1. Address by Vice-President E. J. Molera. 

2. Physical Observations of Jupiter* s Satellites in Transit, by John 

Tebbutt Esq., of Windsor, N. S. W. 

3. The Solar Motion, by W. H. S. Monck, of Dublin. 

4. A Summary History of Astronomy in America from 1620 to 1893, 

by Edward S. Holdkn. 

5. Evolution of the Double-Star Systems, by Dr. T. J. J. See, of 

the University of Chicago. 

6. The Surface Markings of Mars (with an exhibition of lantern- 

slides), by Professor W. J. Hussev, of the Stanford University. 

7. Two new Planispheres, by Professor W. J. Hussey. 

8. Miscellaneous Observations of Nova AurigcSy by W. W. Camp- 

bell, of Mount Hamilton. 

9. An Easy Method of Adjusting an Equatorial Telescope, hy 

Roger Sprague, of Napa. 

10. Astronomical Observations made in the year 1892, by T. Kohl, 
of Odder, Denmark. 

The Committee on Nominations reported a list of names proposed 
for election as follows : Messrs. Alvord, Campbell, Holden, Hussev, 
Johnston, Molera, Pierson, Schaeberle, Soule,Voorsanger, Ziel. 

For Committee on Publication : Messrs. Hqli^en, Campbell, Yale. 

Messrs. Burckhalter and Denicke were appointed as tellers. 
The polls were open from 8:15 to 9 p. m. 

After counting the ballots, the tellers announced that the following 
persons had received a majority of the votes cast, namely : Messrs. 
Alvord, Campbell, Holden, Hussev, McConnell, Molera, Pier- 
son, Schaeberle, Soule, Von Geldern, Ziel. 

The Chairman declared these gentlemen duly elected to serve as 
Directors for the ensuinji: year. 

Report of the Committee on the Comet-Medal, 

.SUBMITTED MaRCH 25, 1893. 

This report relates to the Calendar year 1892. The comets of 1892 
have been : 

Comet a\ (unexpected comet) discovered by Dr. Lewis Swift of 
Rochester, New V'ork, on March 6. 

Comet b\ (VVinneckk's periodic comet) re-discovered by Dr. R. 
Spitaler of Vienna, on March 18. 

Comet c\ (unexpected comet) discovered by VV. F. Denning Esq. 
of Bristol, Kng^land, on Marcli iS. 
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Comet" d\ (unexpected comet) discovered by W. R. Brooks Esq. 
of Geneva, New York, on Augiist 28. 

Comet e\ (unexpected comet) discovered, by photog^phy, by Prof. 
E. E. Barnard of the Lick Observatory, on October 12. 

Comet/; (unexpected comet) discovered by Edwin Holmes Esq. 
of London, England, on November 6. 

Comet ^; (unexpected comet) discovered by W. R. Brooks Esq. 
of Geneva, New York, on November 19. 

The Comet-Medal has been duly transmitted to the discoverers of 
Comets fl, r, flf, ^./, g in accordance with the regulations. 

A copy of the Comet-Medal has been presented to the Royal Society 
of London, in the name of the Astronomical Society of the Pacific, in 
accordance with a resolution of the Board of Directors, adopted Novem- 
ber 26, 1892. Respectfully submitted, 

Edward S. Holden, 
Chas. Burckhalter, 
William J. Hussey. 

The Treasurer read his Annual Report as follow : 

Annual Statement of thb Receipts and Expenditures of the 

Astronomical Society of the Pacific for the 

Fiscal Year ending March 25, 1893. 

general fund. 

Receipts. 

Cash Balance March 26, 1892 951 20 

Received from dues 12,290 13 

" sale of publications 55 39 

'* •• sale of stationery 2320 

" " advertisements 3100 

" " Life Membership Fund (interest) 3750 

|2,437 22 
Less transfer to Life Membership Fund 400 78 2,036 44 

12^98764 

Expenditures. ~ 

For publications 11,20760 

For general expenses ... 1,186 71 $2,394 31 

Cash Balance March 25, 1893 593 33 

$2,987 64 



LIFE MEMBERSHIP FUND. 

Cash Balance March 26, 1892 $ 699 83 

Received from General Fund 400 78 

'* " interest. 3750 

J1.138 II 

Less interest transferred to General Fund 37 50 

Cash Balance March 25, 1893 $1,10061 

DONOHOE COMET-MEDAL FUND. 

Cash Balance March 26, 1892 $ 556 19 

Interest 2900 

Cash Balance March 25, 1893 . $ 585 19 
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ALEXANDER MONTGOMERY LIBRARY FUND. 

Cash Balance March a6, 1892 |i>633 8x 

Interest 84 70 

I1.718 51 

Expendeii for books 4 50 

Cash Balance March 25, 1893 |i,7X4 01 

FUNDS. 

General Fund. Balance on deposit with Grangers Bank I 593 35 

Life Membership Fund. Balance on di9>osit with San Francisco 

Savings Union x,xoo 61 

Donohoe Comet-Medal Fund. Balance on deposit with San Francisco 

Savings Union 5?5 *9 

Alexander Montgomery Library Fund. Balance on deposit with San 

Francisco Savings Union % 877 82 

Alexander Montgomery Library Fund. Balance on deposit with Ger« 

man Savings and Loan Society 83619 1.71401 

l3^993J4 

F. R. ZIEL, Treasurer. 
San Francisco, March 25, 1893. 

The Committee appointed to audit the Treasurer's accounts reported 
as follows, and the re(K>rt was, on motion, accepted and adopted, and 
the Committee discharged:! 

To the President and Members qf the Astronomical Society of the Pacific : 

Gbntlbmrn— Your Committee appointed to audit the accounts of the Treasurer for 

the fiscal year ending March 25, 1893* have made a careful examination and find same to 

be correct. (Signed) 

J. G. Lavkry, 

\\. S. Herrick, 

San Francisco, March 25, 1893. Chas. G. Yale. 

During the past year the Society has lost the following members by 
death : Frazer Ashhurst, H. D. Bacon, A. R. Church, Lester L. 
Robinson, William Thaw Jr. 

The photograph of a meteor trail by Mr. John E. Lewis, of Ansonia, 
Conn., was exhibited to the members. 

Mr. MoLERA then read his address, at the conclusion of which he 
presented to the Society twelve beautiful photographs, showing the 
buildings and instruments of the National Observatory of Tacubaya, 
Mexico. The Society returned their grateful thanks to him for this gift. 

The Chairman then introduced Prof W. J. Hussey of the Leland 
Stanford Jr. University, who delivered a lecture on the Planet Afars, 
illustrated by over a hundred slides of the most important drawings 
made of the markings of the planet from the invention of the telescope 
to and including the last opposition. 

It was, on motion, 

Resolved, That the thanks of the Society be tendered to the retiring 
President, Prof J. M. Schaeberle, for his valuable services on be- 
half of ihe Society during the past year, and that he has the best 
wishes of the members for his complete success in the observation of the 
solar eclipse of April, 1893. 

The meeting then adjourned. 
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Minutes of the Meeting of the Directors A. S. P., 

HELD IN THE RoOMS OF THE SOCIETY, MaRCH 
25, 1893, FROM 10: 15 TO 10:45 P. M. 

The new Board of Directors was called to order by Mr. Pierson. 
A quorum was present. The minutes of the last meeting were approved. 

The business in hand being the election of officers for the ensuing 
year, the following officers were duly elected : 

President: Mr. E. J. Molera. 

First Vice-President : Prof Frank Soule. 

Second Vice-President: Mr. Wm. M. Pierson. 

Third Vice-President: Prof. W. J. Hussey. 
Secretaries: Messrs. Campbell and Ziel. 

Treasurer: Mr. Ziel. 

The President was authorized to appoint the various Standing Com- 
mittees of the Directors, and accordingly made the following selections : 

Finance Committee: Messrs. Pierson, McConnell, Ziel. 

Library Committee: Messrs. Pierson, VonGeldern, McConnell. 

The Standing Committees of the Society are : 

Committee on Publication: Messrs. Holden, Campbell, Yale. 

Committee on the Comet- Medal : Messrs. Holden [ex-officto)^ 
Schaeberle, Burckhalter (and Hussey during Schaeberle's ab- 
sence). 

Adjourned. 
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VARIATIONS OF LATITUDE. 



By E. D. Preston. 



(Published by permission of the Superintendent of the U. S. Coast and Geodetic Survey.] 

In the spring of 1891, the International Geodetic Association 
undertook observations of latitude in Germany and in the Ha- 
waiian Islands. The question whether the variations of latitude, 
first brought out by Dr. Kustner, were the result of a real mo- 
tion of the axis of rotation of the Earth, or whether it was the 
effect of atmospheric or other conditions, could only be decided 
by simultaneous observations in widely different longitudes. The 
Association therefore detailed Dr. Marcuse of the Berlin Observ- 
atory for this work, and asked the cooperation of the U. S. Coast 
and Geodetic Survey, which service was represented by the 
writer. The two observers left Washington on the i8th of April, 
1891, and arrived at Honolulu on the 8th of May. After observ- 
ing the Transit of Mercury, on the following day preparations 
were made for the objective work of the trip, and the observa- 
tories were built at Waikiki. During the first days of June the 
r^^ular astronomical observations began, and they were continued 
without interruption until the last days of June of the following 
year. In the American observatory attention was given to other 
subjects, and during the year nearly one thousand determinations 
of the relative force of gravity were made. These have not been 
completely reduced, but will probably be ready for publication, 
together with other gravity, magnetic and latitude determinations 
made throughout the islands, in the course of a few months. 

In the International Association observations at Waikiki, 
about 2400 separate determinations of the <^ were made on the 
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part of the Coast and Geodetic Survey, The stais observed 
comprised 63 pairs, divided into 8 groups. These were selected 
by Dr. Marcuse in Berlin, and were made the subject of careful 
study. All the usual conditions in the selection of latitude stars, 
regarding zenith distance, magnitudes, etc., were attained, and,, 
moreover, most of the stars observed were from Bradley's List, 
so that their proper motions were quite accurately known. 

The difference in the latitude of the two observatories was 
o".3, the American one bein^ the more southern. In addition to 
this, the mean places adopted in the Coast Survey Office for the 
-stars employed placed this observatory still nearer the equator by 
o".2, so there is an almost constant difference o",5 in the lati- 
tudes as determined by the two parties. 

In reducing the observationti we have followed Professor 
Albrecht's treatment of ]>. Marcuse's work, except in the 
manner of distributing the error of closing and other outstanding 
errors, which were adjusted by the nietJiod of least squares. 

After the individual values for the latitude were obtained, each 
group was reduced to its own mean declination system by com- 
paring the mean value of the latitude from any one pair with the 
mean value deduced from all the pairs. For those nights on 
which incomplete groups were observed, the mean for the ob- 
served pairs was corrected by applying the mean of the quantities 
necessary to reduce the separate pairs to the mean declination 
system. On complete nights, of course the mean of all the pairs 
gave immediately the value sought. The relations which each 
one of the mean dechnation systems bore to each other was 
established by subtracting the mean for each group from the 
mean of the next following one, and the sum of these differences 
for the whole series gave the error of closing. If this were the 
only condition to be satisfied, it should be distributed inversely 
proportional to the number of pairs forming the group connec- 
tions. But as during the year, at three different times, the 
observations were made to include three groups each night 
instead of two, and moreover, as Group II was re-observed in 
1892, as well as Group I, there appear five rigorous conditions to 
be satisfied, instead of one. 

After the least square adjustment the daily means were ob- 
tained. These were deduced by combining all the observations 
on each date for all the groups observed. Each group being 
reduced to its mean declination system and then corrected by a 
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quantity depending on the relation between the groups, so as to 
place them all on the basis of one homogeneous series, weights 
were applied to each value, and the weighted mean gave the 
resulting latitude for the day. The weights applied depend on the 
number of pairs of stars observed. In order to further condense 
the results, and enable us to represent them graphically on a con- 
venient scale, several successive nights were treated together. 

The arrangement was such that each value had about the same 
weight, and on the average this was equivalent to that of about 
40 pairs observed on four nights. 

After plotting the results, a period of 415 days was assumed 
for a complete revolution of the pole, and an equation was de- 
duced depending on the sine of the angular distance of the pole 
from an assumed position at a given time. This equation being 
compared with the actual observations, showed that the period 
adopted 'was too long, and that the addition of a second periodic 
term depending on the cosine would improve the agreement and 
give a curve more closely representing the variations of latitude. 

The equation used was : 

«^ = «^o — o".3ii sin nt + 0^037 cos nt, 

where ^ is the latitude at the time t counted in days from July o, 

1891. 

<^o = the mean latitude = 24". 40. 
n = angular daily motion of pole. 

The period taken is 378 days, and the amplitude is o".62. 

The minimum falls on October 2, 1891, and the following 
maximum on April 9, 1892. This curve, and the observations 
from which it was deduced, is shown in the Frontispiece. In 
order to treat the observations by least squares and discover 
any terms in the periodic function depending on multiple angles, 
the values were condensed by. taking means of successive groups 
of four, and the following dates and corresponding latitudes were 
derived : 



1891, June 18. .24".492 1892, Jan. 7 

Feb. 3 
Feb. 27 
Mar. 24 
May 3 
June 7 



July 22 . . 


.265 


Aug. 15.. 


.175 


Sep. 17. . 


.135 


Oct. 28 . . 


.138 


Dec. 5 . . 


.232 



24". 272 

•432 

.640 

.728 

.656 

.560 
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These values are represented by the equation : 

Latitude = 24". 386 + o".o28 cos ^ — o".297 sin ^ 

— .039 cos 2 <^ — .006 sin 2 ^ 
+ .040 cos 3 <^ + .001 sin 3 ^ 

where the period of 381 days and the values are counted from 
July o, 1891. The maximum is at April 2, 1892, and the mini- 
mum at September 14, 189 1. The amplitude is o".62i. ^ is the 
angular position of the pole. 

A bulletin, containing fuller information and further details, is 
now in course of publication by the U. S. Coast and Geodetic 
Survey, and copies may be obtained by application to the Super- 
intendent. 

MEAN MONTHLY AND ANNUAL BAROMETRIC AND 

THERMOMETRIC READINGS AT MOUNT 

HAMILTON, 1880-1892. 



Following is a table of observations of the barometer and 
thermometer, more or less complete, taken at the Lick Observ- 
atory from September, 1880, up to and including December, 
1892, by monthly and yearly means. Observations are wanting 
during the interval from November, 1885, to June, 1888, inclu- 
sive. It should be mentioned that the observations for tempera- 
ture from September, 1880, to October, 1885, were made with 
the thermometer in a wooden box at one of the cottages, some 
seventy feet below the Lick Observatory, and it is probable that 
the results indicate a higher temperature than those following, 
which were taken under the usual Signal Service conditions. 

As indicated, a portion of the results for temperature is de- 
duced from the mean of the maximum and minimum thermom- 
eters, while the remainder is obtained from readings of the dry 
bulb, taken at 7 A. M., 2 p. M. and 9 P. M. by the formula 
7 + 2 + 9 + 9 ^ jl^g barometric observations for 1888, 1889 and 
1890 fire reduced to the freezing point, 32° F., as indicated. 
An aneroid barometer was employed before 1888. 

No monthly means in this list were accepted which were not 
obtained from observations on at least 19 days. While the data 
here presented are not as complete as might be desired, they are 
the best available. C. D. Perrine. 

Lick Observatory, May 20, 1893. 
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1893 
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Mean 
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RAINFALL AT MOUNT HAMILTON IN THE YEARS 

1880-1892. 



Compiled bv C. D, Perrine. 
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LIST OF EARTHQUAKES IN CALIFORNIA FOR THE 

YEARS 1891-1892. 



Compiled by C. D. Perrine. 



The following is a list of the dates and places of occurrence of 
earthquakes in California (including, also, a number at points out- 
side the State), compiled from observations and reports, both by- 
letter and newspaper, and is a continuation of the list for 1890, 
printed in No. 16 of these Publications, Vol. Ill, p. 247. 

A more complete account for the year 1892 will be published 
as a bulletin by the U. S. Geological Survey, the list for 1891 
having been published in Bulletin No. 95. The times are Pacific 
standard times. 

Roman numerals inclosed in parenthesis indicate the intensity 

on the Rossi-FoREL scale. 

1891. 

January 2, 12** 00" 18' p. m. Generally felt throughout the State. 
Mount Hamilton, San Francisco, Santa Cruz, Salinas, El 
Verano, Los Gatos, Gilroy, Stockton, Lathrop, Modesto, 
San Jos6, Petaluma, San Leandro, San Rafael, Boulder 
Creek, Spanishtown, Merced, Redwood City, Mills College, 
Oakland, Carson City (Nev.). A third shock of intensity 
III is reported at Mount Hamilton at 8** 18" 21* p. m. 

January 12, 1:36 A.M. Berkeley. 

January 13, 2:58 p. m. Mount Hamilton. (I to II) 

January 31, 2** 24" 35 j^* p. m. San Francisco. Artificial earth- 
quake, caused by the explosion of 3,000 pounds of blasting 
powder. (See /^^/. A. S. P., Vol. Ill, p. 132.) 

February 15, Downieville. Between 2 and 3 a. m. 

February 24, 3: 10 a. m. Independence. 

April 4, 4:30 A. M. Mount Hamilton. 

April 12, 9** 29'"(?) 4i». Mount Hamilton. (II) 

April 13, 1 1 140 p. M. Healdsburg ; 1 1 : 30 p. m. Visalia. 

May 8, 6: 10 p. m. Berkeley, San Francisco, Oakland (II); 6:08 
P. M., San Ra&el. 

May 19, Susanville. 

May 20, ID p. M. Mills College. 

June 22, 8 to 9 p. m. Pasadena ; San Fernando. 

June 28, 3** 02*" 45* A. M. San Francisco, Mount Hamilton, 
Mayfield. 
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June 29, 8** 06" 31* AM. Mount Hamilton. (I or II) 

July 13, 4:27 p. M. Monterey. 

July 17, i:ooA. M. HoUister. 

July 30, 6:00 A. M. Lerdo, Mex. 

August 9, 9:41 A. M. Monterey. 

September 12, 8:48 p. M. Cedar City, Utah. 

September 16, 8:30 P. M. Salem Oregon. 

September 2 1 , 4: 10 to 5 :oo a. m. Port Angeles, Wash. ; 4 a : M. , 
Port Townsend, Wash. 

September 22, 3:40 am. Victoria, B. C. 

September 23, 1:30 p. m. Healdsburg. 

October 2, 7** 19" 55*. Mount Hamilton. (II) 

October 11, 10** 27" 49* p. m. Felt generally throughout the cen- 
tral portion of the State. San Francisco, Oakland, Suisun, 
Sacramento, San Jos6, Winters, Fairfield, Spanishtown, 
Sonoma, Petaluma, Napa, St Helena, Santa Rosa, San 
Rafael. 

October 13, ii** 00" 30". Mount Hamilton (II), Mills College. 

October 14, 4** 33°* 23* a. m. San Francisco, Napa, Petaluma, 
Suisun, San Rafael, Mills College. 

October 27, 6^ 35" 43*. Mount Hamilton. (I or II) 

November 8, 8:00 P. M. Ashland, Oregon. 

November 29, 3:21 p. m. Seattle, Wash., Snohomish, Belling- 
ham Bay, Port Townsend, Tacoma, Olympia, Wash., Men- 
docino, Gal. 

December 16, 8'' 28" 12' a. m. Mount Hamilton. (I) 

December 21, 6'' 15'" 41' p. m. Mount Hamilton. (II) 

December 29, 3'* 26"" 56^ a. m. Mount Hamilton. (I to II) 

1892. 

January 16, 7:30 a. m. Mount Hamilton. Wind blowing 61 

miles per hour from N. and N. W., which makes a tremor of 

the third story of Professor Holden's house, which would 

have been called II on Rossi- For el scale. 
February 3, 8:30 P. M. Portland, Astoria, Salem (Oregon), 

Omaha, Neb. 
February 5, 6*^ 27'" 42' a. m. Mount Hamilton. (V to VI) 

February 23-24. Carson City, Nev. Time uncertain. San 

Diego. 
February 23. Along the Pacific Coast, from Mexico to British 

Columbia, slight shocks were felt, especially in Oregon and 
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Washington; 11:15?. m., Palm Springs, Indio, Beaumont, 
Pomona, Santa Ana, San Bernardino, Ontario, VisaHa, Cal.» 
Yuma (A. T). 

February 25, 2:00 a. m. San Diego, Campo, Santa Ana, Ontario. 

March 13, 5:25 a.m. Petaluma; 8:35 A. m., Napa. 

March 28, 7:30 a. m. Drytown. 

April 3, 2'* 50° 09' A. M. Mount Hamilton. (Ill to IV) 

April 17, 2:55 p. M. Tacoma, Wash., and Portland, Oregon. 

April 19. In the early morning of this day, from about 2:50 to 
3:00 occurred the heaviest shock of earthquake that has 
visited the central part of the State since 1872. The shocks 
continued at intervals for two or three days following, some 
of which were almost as severe as the first, A great deal of 
damage was done, especially in the towns of Vacaville, Dixon, 
Winters, Woodland and Elsparto, probably footing up to 
nearly a quarter of a million dollars. Following is a list of 
the towns from which reports of shocks have been received i 
Vacaville, Dixon, Woodland, Winters, Rsparto, Capay, 
Santa Rosa, Martinez, Fairfield, Napa, Healdsburg, San 
Rafael, Marcuse, Vallejo, Milton, Placerville, San Francisco, 
Oakland, Folsom, Grass Valley, Auburn, Chico, Stockton, 
Nicolaus, Merced, Marysville, Nevada City, San Jos6, Davis- 
ville, Elmira, Elk Grove, Gait, Florin, Courtland, Antioch, 
Benicia, Willows, Colusa, Wheatland, Orland, Biggs, Peta- 
luma, Oroville, Mount Hamilton (IV to V), Suisun, Sacra- 
mento, Mare Island, Fresno, Gilroy, Reno (Nev.), Virginia 
City, (Nev.), Alameda, Carson City (Nev.), Smith Creek, 
Sutter Creek, lone, Palermo, Berkeley, Alvarado, San Le- 
andro, Mission San Jos6, Newcastle, Calistoga, St. Helena. 

April 20. About 2:00 A. m. Vacaville, Winters, Dixon, Peta- 
luma, Napa, Martinez, Stockton, Elmira, Fairfield, Salem 
(Oregon), San Francisco, Sacramento, Woodland, Grass 
Valley, Nevada City, Suisun, Alameda. 

April 21. About 9:45 a. m., and 7:15 p. m. The same district 
was again visited by severe disturbances, in most cases 
several, and reports come from the following points: San 
Francisco, Dixon, Winters, Vacaville, Elmira, Benicia, Napa, 
Petaluma, Sonoma, San Rafael, Davisville, Woodland, Ne- 
vada City, Marysville, Grass Valley, Placerville, Chico, Biggs^ 
Healdsburg, Carson City (Nev.), Reno (Nev.), Sacramento, 
Lodi, Acampo, Fresno, Stockton, Lathrop, Esparto, Martinez^ 
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Madison, Williams, Maxwell, Suisun, Oroville, Auburn, 
Antioch, Fairfield, Yuba City, Nicolaus, Santa Rosa, New- 
castle, St. Helena, Colusa, Merced, Livermore, Haywards, 
Red Bluff, Willows, Orland, San Jos€, Mount Hamilton, 
Camptonville, Gold Run, Alameda, Centerville, Spanish- 
town, Georgetown, Downieville. 

April 29, 4:10 p. M. Grass Valley, Marysville, Vacaville, Wood- 
land, Davisville, Petaluma, Winters, Santa Rosa, San Rafael, 
Napa, Fairfield, Benicia, Stockton, Haywards, San Leandro 
(7:30 P. M.), San Francisco. 

May II, 9** 48"* 32* P. M. Mount Hamilton. (IV) 

May 28, 3:15 A. M. Ontario, Santa Ana, San Bernardino. 

June 9, 3:40 P. M. Independence. 

June 14, 5:20 A. M. Riverside, Santa Ana, Pomona, San Diego, 
San Bernardino. 

June 22. Hollister. 

July 9, 9:30 A. M. Explosion of the Giant Powder Works at 
West Berkeley. Felt generally within a radius of twenty 
to thirty miles. Reported from Alameda, East Oakland, 
Oakland, Healdsburg, Sonoma, Sacramento, San Ra^el, 
Duncan's Mills, San Francisco. 

July 16, 12'' 6™ 34" P. M. Mount Hamilton. (Ill) 

July 24, 6:00 A. M. Colton. 

July 26, 2:10 A.M. Napa, Petaluma, San Francisco, Mount 
Hamilton. 

August I or 2. Mount Hamilton. Record found on plate. 

August 2 or 3. Mount Hamilton. 

August 5 or 6. Mount Hamilton. 

August 8 or 9. Mount Hamilton. 

August 18, 8'' 8"' 2f p. M. Mount Hamilton. (V) 

August 24, 13'' 22'" I4\ Mount Hamilton. 

August 25. Mount Hamilton. 

August 31, 5:00 P. M. Independence. 

September 8, 4:45 a. m. Petaluma. 

September 23. Oonalaska. 

September 25, i' 10"' 43' P. M. Mount Hamilton (III), Mills 

College, Alameda. 
October 26, 7:05 a. m. San Bernardino. 

October 30, 12'' 17"' 12' a. M. Mount Hamilton (III), Inde- 
pendence (11'' 53'" A. M.). 

November 13, 4'' 45'" 14' a. m. Mount Hamilton (V), Berkeley, 
Mills College, Alameda, Petaluma, Gilroy, Hollister, Salinas, 
Monterey, San Rafael, San Francisco. 



( < ( ( ( ( 

< < < < ( < 





n 



H 





EBB 



I,— D[(A\V[N"GS OF MARS, iSyJ. 



Astronomical Society of the Pacific. 




NOTICES FROM THE LICK OBSERVATORY. 
Prepared by Members of the Staff. 

Photograph of the Eta Argus Nebula. 

Knowledge for April, 1893, contains a superb photograph of 
the Eta Argus nebula, taken by Ur. Gn.i, at the Cape of Good 
Hope in March, 1892, with an exposure of twelve hours on four 
days. This note is written for the purpose of advising those of 
our members interested in such work to procure this number of 
Knowledge (price sixpence, address Witherby & Co,, 326 
High Holborn, London, W. C, England.) 

Knoyiledge has printed during the past years a number of such 
pictures, all equally worthy of notice. Bat the publishers have 
sent out the copies/oided so as to ruin the plates. This number 
is sent out rolled on a paste-board roller, and, for the first time, 
it is possible to preserve the plate uninjured. E. S. H. 

Prizes Offered by the Smithsoxiax Institution. 

In October, 1891, Thomas George Hodckins, Esq., made 
a donation to the Smithsonian Institution, the income from a part 
of which was to be devoted "to the increase and diffusion of 
more exact knowledge in regard to the nature and properties of 
atmospheric air in connection with the welfare of man." 

With the intent of furthering the donor's wishes, the Smith- 
sonian Institution now announces the following prizes to be 
awarded, should satisfactory papers be offered in competition : 

I. A prize of $10,000 for a treatise embodying some new and 
important discovery in regard to the nature or properties of 
atmospheric air. These properties may be considered in their 
bearing upon any or all of the sciences — e. g., not only in regard 
to meteorology, but in connection with hygiene, or with any 
department whatever of biological or physical knowledge. 
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2. A prize of $2,000 for the most satisfactory essay upon — 
(fl) The known properties of atmospheric air considered 

in their relationships to research in every department 
of natural science, and the importance of a study of 
the atmosphere considered in view of these relation- 
ships. 
(b) The proper direction of future research in connection 
with the imperfections of our knowledge of atmos- 
pheric air, and of the connections of that knowledge 
with other sciences. 

3. A prize of $1,000 for the best popular treatise upon atmos- 
pheric air, its properties and relationships (including tliose to 
hygiene, physical and mental).. This essay need not exceed 
20,060 words in length; it should be written in simple language, 
and be suitable for publication for popular instruction. 

4. A medal will be established, under the name of the Hodg- 
kins Medal of the Smithsonian Institution, which will be awarded 
annually or biennially for important contributions to our knowledge 
of the nature and properties of atmospheric air, or for practical 
applications of our existing knowledge of them to the welfare of 
mankind. 

The treatises may be written in English, French, German or 
Italian, and should be sent to the Secretary of the Smithsonian 
Institution, Washington, before July i, 1894, except those in 
competition for the first prize, the sending of which may be de- 
layed until December 31, 1894. 

The papers will be examined, and prizes awarded, by a com- 
mittee. 

Suggestions and recommendations in regard to the most 
effective application of this fund are invited. 

It is probable that special grants of money may be made to 
specialists engaged in original investigation upon atmospheric air 
and its properties. Applications for grants of this nature should 
have the endorsement of some recognized academy of sciences, 
or other institution of learning, and should be accompanied by 
evidences ot the capacity of the applicant, in the form of at least 
one memoir already published by him, based upon original inves- 
tigation. 

To prevent misapprehension of the founder's wishes, it is re- 
peated that the discoveries or applications proper to be brought^ 
to the consideration of the Committee of Award may be in the- 
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field of any science or any part without restriction; provided only 
that they have to do with * ' the nature and properties of atmos- 
pheric air in connection with the welfare of man.'* 

All communications in regard to the Hodgkins Fund should 
be addressed to S. P. Langley, Secretary of the Smithsonian 
Institution, Washington. — [Abstract of Dr. Langley' s Circular, 
as printed in the Scientific American. '\ 

On Photo-Mechanical Processes. 

Nearly every one, nowadays, is called upon to provide for 
illustrations of books or papers, or, at least, to criticise illustra- 
tions which have been provided by others. Such pictures are 
very frequendy produced by some photo- mechanical process ; 
-and it is not only convenient, but essential, to understand the 
^general nature of the process employed. The details can safely 
be left to the makers of the cuts. 

As a guide to the general principles underlying the principal 
photo-mechanical processes, I have found a paper by Mr. S. R. 
Koehler in the Technology Quarterly for October, 1892, (page 
161), to be most satisfactory and intelligible. Pretty much every- 
thing is there given which the general reader wishes to know. 
The details must be sought for in special treatises. I take pleas- 
iire in advising those concerned about such matters to procure 
this paper. E. S. H. 

Honorary Degrees Conferred by the University of 
California upon Professors Weinek and Keeler. 

On Commencement Day of 1893 the University of California 
<x>nferred the Honorary Degree of Doctor of Science upon Pro- 
cessor L. Weinek, Ph. D., Director of the Observatory of 
Prague, and upon Professor J. E. Keeler, B. A., Director of 
the Allegheny Observatory. E. S. H. 

Lick Observatory Drawings of Mars, 1892. 

During the opposition of 1892 Mars was assiduously observed 
ivith the large telescope by Messrs. Holden, Schaeberle, 
Barnard, Campbell and Hussey, and with the 12-inch equa- 
torial by Dr. Barnard. A few drawings of the planet (showing 
the double canals, etc.) have already been printed in Astronomy 
and Astrophysics for October, 1892. 
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selected from the large collections of the Society ; and in particu- 
lar with copies of the most important of the negatives made at 
the Lick Observatory, which have been regularly deposited 
there. It is to be hoped that Messrs. Eyre and Spottiswood 
will issue a priced catalogue of the pictures they are prepared to 
fiimish. I remind those of our members who live in California, 
that 1. W. Taber & Co. of San Francisco, have many excellent 
negatives made here, duplicates of which they will furnish. 

K. S. H. 



Mean Barometer and Thermometer at Mount Hamil 

TON BY Months. — 1880-1892. 



Mooth. 


Mean Barometer. 


Mean Thermometer. 


January 

February 

March 

April 

May 

June 


25-747 (9) 
.720 (9) 

.712 (8) 
.724 (8) 
.715 (8) 
.749 (8) 
•752 (9) 
.779(10) 

•763(10) 
.752(11) 
.789 (10) 
.748 (10) 



40.2 '(9) 

40.4 (9) 

44.7 (9) 
46.1 (9) 

54.8 (9) 
60.6 (9) 


July 

August 

September 

October 

November 

December 


69.9 (10) 
70.8 (10) 

64.7 (11) 

55-9 (") 

48.8 (10) 

41.7 (10) 


Means 


25746 


53.2 



C. D. Perrine. 
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Minutes of the Meeting of the Board of Directors, 
held at the lick observatory, june lo, 1 893. 

Mr. Campbell took the chair, and a quorum was present. The 
minutes of the last meeting were approved. 

The following members were elected: 

List of Members Elected Jun^ 10, 1893.* 

Mrs. Wm. a. Abb]^ New Bedford, Mass. 

J. Lawrence Aspinwall 71 Broadway, New York, N. Y. 

N. A. Baldwin New Haven, Conn. 

rSt. Rose's Academy, Golden 

Miss M. M. Barksdalb - - 1 ^^^^ Avenue and Steiner 

I Street, S. F., Cal. 

Wm.C. Belcher | S^o Montgomery Street, S. F.. 

Edward M. Brewer 27 Kilby Street, Boston, Mass. 

Miss Isabella D. Clark San Jos^, Cal. 

A. L. COLTON* { ^'ton °S"'''*"^* "*■ "''^" 

Alexander K: Coney 604 Clay Street, S. F., Cal. 

Joseph E. Davis { ^\^^'''' ^*'***' ^*^*'"' 

Mrs. Mervyn Donahue { 799 Van Ness Avenue, S. F.. 

Hon. James F. Houghton 303 California Street, S. F., Cal. 

James Lawrence Groton, Mass. 

T- ., f Briceland House, Menlo Park, 

Edgar Mills < ^^j ' » 

nr A t> ^., f 39 W. 27th Street, New York, 

William Appleton Potter ' N Y 

^ . t3 f CoUeee of Notre Dame, San 

Sister Anna Raphael | j^^l^ Cal. 

u , r) Ox, ,^,r I San Andreas, Calaveras Coun- 

Hon. J. B. Reddick ( ^ q^ * 

Franklin Sidney Rising 15 First Street, S. F., Cal. 

r> n o ^^^ ( Government Observatory.Syd- 

RiCHARD Pickering Sellors . . . . | ,^^y^ ^ g ^^j^5 >» > 

Judge Charles W. Slack 1729 Sutter Street, S. F., Cal. 

T c / 135 E- 2ist Street, New York, 

Jacob Stout I N Y 

Daniel SuTER 235 Kearny Street, S. F., Cal. 

AuRELius Todd Eugene, Oregon. 

T- T nr.^T..r,r^T ^ 241 DruHimond St., Montreal. 

Frederic Lamb Wanklyn •, Cj^^ada. 

., -,. c, _ \xTr^r.r. ) ^So 5th Avcttue, New York. 

Mrs. W. Seward Webb \ N Y 

Adjourned. 

♦ a star signifies life membership. 
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Minutes of a Special Meeting of the Board of Di- 
rectors, HELD IN San Francisco, May 25, 1893, 

AT 4 p. M. 

President Molera presided. A quorum was present. The minutes 
of the last meeting were approved. On motion the following resolutions 
were adopted : 

Resolved^ That the vacancy in the Board of Directors be filled by 
the appointment of Mr. Charles Burckhalter. 

Resolved^ That the Secretary be instructed to apply for the privilege 
of holding the November and January meetings of the Society at the 
Chabot Observatory, in Oakland. 

Resolved^ That the President and Secretary be authorized to make 
application to the Mercantile Library Association for an office in the 
library building, and to effect an arrangement by which the books of the 
Society can be deposited and cared for in the Mercantile Library, under 
the same conditions and regulations as formerly (see Publ. A. S, P.^ 
Vol. II. page 198). 

The Secretary was authorized to make the necessary arrangements 
for transferring the property and collections of the Society to the new 
quarters. 

Adjourned. 

Minutes of the Meeting op the Astronomical Society 
OF the Pacific, held at the Lick Observ- 
atory June 10, 1893. 

Mr. W. W. Campbell presided. The minutes of the last meeting, 
as printed in the Publications^ were approved. 

The Secretary read the names of members duly elected at the meet- 
ing of the Directors. 

The following papers were presented : 

1. Variations in the Geographical Latitude, by E. D. Preston, of 
the United States Coast and Geodetic Survey. 

2. Exhibition of Carbon Enlargements of Lick Observatory Moon 
Negatives on a scale of six feet to the Moon's Diameter, by Baron 
Albert von Rothschild, of Vienna. 

3. List of Earthquakes in California, 1 891-2, compiled by C. D. 
Perrine. 

4. Exhibition of Blue-prints sent by Professor Schaeberle from 
South America — representing his eclipse station and three views of the 
Corona taken on 18x22 plates with the 40-foot telescope. 

5. Exhibition of Proof-sheets of Heliogravures made by the Im- 
perial Topographical Bureau of the Austrian War Department from 
drawings by Professor Weinbk and from direct enlargements of the 
Lick Observatory Moon Negatives. 

6. Exhibition of Drawings of Mars during the opposition of 1892, 
by Professors Schaeberle and Hussey. 

Adjourned. 
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Astronomical Society of. the Pacific. 

Vol. V. San Francisco, California, September 9, 1893. No. 31. 

PRELIMINARY NOTE ON THE CORONA OF APRIL 

16, 1893, OBSERVED AT MINA BRONCES, CHILE. 

LONGITUDE. 70° 19' W; LATITUDE, 28° 27' S. 

ALTITUDE, 6600 FEET. 



By J. M. SCHAEBERLE. 



The accompanying photograph of the corona* is made from 
'^he fourth of a series of eight negatives taken with a 40-foot 
"^elescoije on 18x22 inch Seed plates, sensitometer No. 26. The 
duration of exposures and the approximate times after the 
^fceginning^ of totality are as follows : — 



• No. of Negative. 


Exposure Time. 


Approximate Times after 
Beginning of Totality. 




Sec. 


Sec. 


I 


0.25 


2 


2 


2.00 


16-18 


3 


4.00 


32-36 


4 


8.00 


50-58 


5 


16.00 


72-78 


6 


32.00 


102-134 


7 


24.00 


148-172 


8 


.25 


186 



In the 32* exposure nearly the whole area of the 18 x 22 plate 
is covered by the corona. The corona was seen projected on 
the screen inside of the 40-foot telescope several minutes before 



•It is not possible to reproduce the photographs in the present number of the 
J*itbUcaitons. 
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second contact, and although the last exposure was taken nearly a 
quarter of a minute after totality, the inner corona and the prom- 
inences are conspicuous features of this plate, except where the 
Sun's limb has burnt out the detail. 

The positive copy from the original negative was made by 
Mr. A. L. CoLTON, of the Lick Observatory. 

As bearing directly upon the theory of the corona, the photo- 
graphs taken with five different instruments at the same station 
show : 

First — That, apparently, the matter composing the prom- 
inences* and protuberances visible during this eclipse was in 
orbital motion. In the prominences the matter is distributed 
with varying density along elliptical arcs symmetrical with refer- 
ence to the Sun ; in many cases these arcs seem to be partiaUy 
discontinuous ; they vary all the way from a normal line to a 
nearly tangential curve and attain a maximum altitude of about 
80,000 miles. 

•The protuberances visible during this eclipse are shown to be 
made up of a large number of bright elliptical streams of matter 
which intersect each other, in projection, at all angles. These 
streams are so numerous, that, on the smaller scale photographs, 
this network of lines has the appearance of a continuous surface. 

Second — All the remaining visible matter forming the Sun's 
corona is apparently of a uniform degree of composition and 
much less dense than the prominences and protuberances, 
but, as in them, the matter is arranged in the form of 
(continuous) curved streams of various heights; and each 
returning stream of the inner corona is plainly visible as a 
portion of an ellipse whose major axis passes through the 
Sun's centre, indicating that the matter forming these streams 
was ejected from the Sun, and is subject to the action of 
the Sun's gravity. The symmetrical form of these complete 
arcs (varying again, all the way from a normal line to a 
nearly tangential stream) indicates that this rare matter suffers 
practically no resistance to motion due to an atmosphere of 
the Sun. Structures again, which on the smaller plates appear 
to follow no law, are, with the aid of the larger plates, shown 

*In tliis note I consider all photoi;raphically visible matter exterior to the Sun's 
surface as ff)rming a part of the corona, and, for convenience of illustration, the higher 
aiul conspicuously individual portion of any protuberance is called a prominence; the 
former, during this eclipse, attained a mean height of about 20,000 miles; while the latter, 
as conspicuous structures, rose to a maximum height of four times this amount. 



Astronomical Society of the Pacific, 141 

to be due to the superposition of these ellipitical streams. 
That these arcs are not due to halation caused by the presence 
of bright prominences follows from the fact that the eccentricity 
varies as above stated, and from the further fact that no visible 
change of form took place with reference to the true place of 
the Sun during the Moon's transit. These visible returning 
streams are much the most numerous on either side of the Sun*s 
equator and- attain a height of 200,000 miles or more. 

Third — The outer corona is mainly caused by more nearly 
radial streams of matter wholly similar in appearance to the curved 
returning streams of the inner corona. The various trumpet- 
shaped outlines so plainly visible on the smaller wide-angle 
plates are seen to be due to the superposition of individual 
streams, which, in many cases, can be traced from the Moon's 
outline on the larger plates to a distance of several solar diameters 
on the smaller negatives. 

In no case hare I found the actual structure to be concave 
towards the Sun*s centre, and there are only a few cases of very 
Xarge streamers having apparently greatly inclined initial direc- 
tions of motion corresponding to very great velocities, the points 
of eruption being on or near the Sun's limb. The general form 
of the outer corona is in general agreement with the prediction 
lor a nearly maximum inclination of the Sun's north pole to the 
line of sight, although the axis of the inner corona cannot be 
accurately determined, owing to the condensed state pf the pro- 
jections in the polar regions. Marked extensions (nearly radial) 
projecting far beyond the usual elliptical outline are found in 
A'arious quadrants, especially in the north polar regions. I wish 
to call particular attention to a curious structure near the middle 
of the fourth quadrant ; the head of this comet-like object is about 
four-fifths of a solar diameter from the Sun's surface ; it is visible 
on all my negatives of the outer corona. On the Dallmeyer neg- 
atives of the outer corona the Zodiacal light, (equatorial extension 
of the corona), shows faintly to a distance of at least eight solar 
diameters from the Sun. 

In my ** Mechanical Theory" certain results are deduced for a 
typical corona produced by streamers uniformly distributed in the 
spot-zones. Now it is evident that this ideal or perfect form will ' 
be the exceptional case, and for the reason that the visible solar 
disturbances in the two spot-zones differ not only from each other, 
but also because the study of the Sun's visible surface tells us 
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that the eruptions are not as a rule distributed with exact 
uniformity in longitude. 

The form resulting from an irregular distribution of the 
streamers can be constructed, provided the longitudes of the 
various points of eruption and their distances from the origin 
are known. As the observer will in general have a less latitude 
than a given stream, it follows that the normally ejected out- 
going matter between the Earth and Sun will, in projection, 
curve away from the equator on the west side of the Sun, 
and on the east side the curvature will be towards the Sun's 
equator, for the reason that the outgoing streams in both the 
northern and southern hemispheres will be on the east side of 
the normals. Just the opposite condition of things will exist 
for the outgoing streams on the farther side of the Sun. (See 
L. O. Report on the Eclipse of December^ i88g, Plate VIII). 
For the incoming streams the inclination is reversed. The 
resulting form of the corona in any particular quadrant will 
depend upon the relative amouht of ejected matter, in the nearer 
and farther hemispheres of the Sun's surroundings projected in 
that quadrant. When the observer is exactly in the plane of 
motion the stream will coincide with normal in projection. 

A streamer is evidently made up of a number of nearly parallel 
streams of matter having presumably many streams with diver- 
gent directions of motion. At great distances from the origin such 
a streamer- projected nearly in the direction of the Sun will, 
during an eclipse, appear to radiate from a considerable arc of 
the Moon's limb, the amount and direction of the inclination to 
the normal being governed by the conditions above indicated. 

A considerable interval between two such sets of streamers 
would result in ' ' gaps " or ' ' rifts ' ' in the corona. When such 
eruptions actually take place on the Sun's limb, those streamers 
which have greatly inclined initial directions of motion may 
evidently also become visible. 

Referring now^ to the coronal photographs of the April eclipse, 
and numbering the quadrants i, 2, 3, 4, in the order NE, ES, 
SW, WN, referred to the projection of the Sun's axis, the 
observed forms are explained as follows : 

In the first quadrant, streams both on this and the farther side 
of the Sun are seen in projection, with a preponderance of the 
former. The same distribution will account for the forms in the 
second quadrant In the third quadrant the streams of the farther 
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hemisphere are almost completely eclipsed by those of the nearer 
hemisphere. Finally, in the first half of the fourth quadrant only 
the streams of the nearer hemisphere are seen, while the second, 
or polar half of the same quadrant, has practically the same 
arrangement as the first half of the first quadrant. The structure 
in the equatorial regions (giving the appearance of two opposite 
magnetic poles on the Sun's equator) is in agreement with the 
theory that the streams of matter are ejected from the spot-zones 
and are subject to gravitational influences. During this eclipse 
several powerful eruptions were in action near the Sun's west 
limb. 

A discussion of all the matter available will be embodied in a 
* ' Report ' ' on this eclipse, to be subsequently printed. 

Lick Observatory, August 10, 1893. 



PHOTOGRAPHS OF COMET b, 1893. 



By Professor W. J. Hussey. 



During the period of its greatest brightness, I have secured a 
number of photographs of this comet, using the Crocker telescope 
of the Lick Observatory. The objective of this telescope is a 
portrait lens of nearly 6 inches aperture and with a focal length 
of about 31 inches. The plates used were 8x10 inches, coated 
^ith an unusually sensitive emulsion by Cramer. 

The nucleus of this comet is bright and starlike. The coma 
is dense and nearly circular, having a diameter of about ^°. 
There are very faint extensions of the coma in directions at right 
angles to the tail. These extensions are short. The tail has 
"been bright. So far as these observations go, it was brightest on 
the evening of July 1 3. At that time it could easily be traced 
more than 12° with the naked eye. In most of the photographs 
it extends beyond the limits of the plates, and exhibits marked 
and interesting changes from night to night. Some of these 
peculiarities will be noted. 

Tuesday, July 11,9** 00"* to 9** 20". This negative shows the 
comet with a multiple tail. Four distinct branches proceed from 
the nucleus, the angle included between the outermost ones being 
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approximately 30°. The middle branches are much the brightest, 
and at some distance from the nucleus they divide into numerous 
streamers. These are so faint, on the negative, that it is not pos- 
sible to determine their number nor the exact manner of their 
branching. A longer exposure would have given better results, 
but it was impossible, owing to the low altitude of the comet and 
the position of the guiding telescope. 

Wednesday, July 12, 9'' 00" to 10^ 12". Four distinct branches 
of the tail spring from the nucleus and include an angle of nearly 
40°. The central branches are the brightest. Beginning on the 
north is a short branch, ij^° long, very gradually diminishing in 
brightness as the distance from the nucleus increases. The 
branch next to it is bright and nearly straight. It broadens a 
little as the distance increases and fades away at about 7°. The 
next is the brightest of the branches, and the most complicated in 
structure. It is composed of numerous streamers which in places 
appear to be interlacing and in others to offer a somewhat doubt- 
ful suggestion of an outward spiral motion. Fully 9® of this 
branch is shown on the plate. The fourth branch is short and 
without special interest. 

Thursday, July 13, 9^ 10"' to 10^ 20"'. The tail has a compli- 
cated structure. In it there are several condensations. The 
distances of the principal ones from the nucleus are approximately 
i°.4, i°.8, 3°. 6 and 6°.o. The second of these is much the 
brightest. It and also the third are sources of dense and strongly 
curved secondary streamers, giving the tail somewhat the appear- 
ance of Swift's comet of last year, as shown in Dr. Barnard's 
photographs. In the present case all the condensations belong to 
the central parts of the tail. The branches forming the other 
parts of the tail, in contrast with the central one, are very straight, 
and with spaces of unusual clearness between them. The four 
branches of the tail shown in previous negatives are losing their 
identity. They can still be identified, but with difificulty. 

Friday, July 14, q'^ 8'" to 10^ 28"'. For 12° the tail can 
be traced on the plate. The peculiar condensations of last 
night have very nearly disappeared. Throughout, the tail is 
much fainter, and diminishes in brightness very gradually. Near 
the coma seven branches of the tail are distinctly shown. They 
are straight, and, excepting the central ones, are short. 

Saturday, July 15, 8*' 45"' to c^ 30'". Near the nucleus the tail 
has several distinct branches, of which the central one is the 
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brightest, and, excepting it, they are all straight. It divides at 
about 1° from the nucleus and near the point of division it is 
strongly curved. The central part of the tail is about 1° wide at 
6*^ from the nucleus. 

Sunday, July 16. The comet presents essentially the same 
appearance as last night. The central part of the tail broadens a 
little more rapidly. The streamers are numerous. 

Tuesday, July 18, 9^01™ to 10** 21'". In contrast with all the 
previous negatives, the tail is single near the nucleus. It is 
very slender at its departure from the coma, and, for about 1°, 
broadens slowly. Then it begins to divide with numerous 
streamers. Lateral streamers on the southern side of the tail are 
common, but not long. The principal streamers are not equally 
dense in all their parts. Here again is a doubtful suggestion of 
outward spiral action. 

Palo Alto, Cal., July 22, 1893. 



THE SPECTRUM OF COMET b, 1893. 



By W. W. Campbell. 



The spectrum of this comet has been observed here both 
visually and photographically, and a large number of new bright 
lines have been detected. 

VISUAL OBSERVATIONS. 

The yellow, green and blue bands appear with their usual 
intensities, but their less refrangible edges seem to be completely 
resolvable into bright lines. Wave-lengths were determined for 
two lines in the yellow band, three in the green and one in the 
blue ; and several other ill-defined lines were seen in the yellow 
and blue bands. A red band at w, I, 601 and violet bands at 
w, /. 434 and w, L 421 are easily visible. The wave-lengths 
obtained are given in the following table. The fifth column con- 
tains Kayser and Runge's wave-lengths of the edges of the 
corresponding carbon bands. 

The continuous spectrum of this comet is relatively much 
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fainter than I have observed in any comet of the past two years, 
though easily visible from about 6300 to 4100. 



jBly i>. 


July ti 


July 17. 


July J5. 


Gandt" 


Draciiplion of Bright Lines 
and Bands. 


6n 


«bi 


5i»'" 




619-59S 


Maiimnmof ted bsiod, broad, fainl. 

Red edge of yellow band. 

Very (Hint line, lerminaling yellon 

arightjlne in yellow band. 

Vm bnghl hne lenoinating gre?,, 

vi^right line in green band . 
Bright region in conllnnoui sp«- 


Si6ji 


Sl6l"8 


a. 


5163 ■« 


S. 


JIM 

4734 


S"7 
«4 


1? 

47m"" 




SU9 



PHOTOGRAPHIC OBSERVATIONS. 

Two photographs of the region w. I. 487-387 were obtained. 
They show five lines in the less refrangible side of the blue 
band. The rest of this band does not resolve into bright lines, 
but diminishes gradually in brightness in both directions from the 
maximum near 4680, extending from about 4730 to 4610. 

The two violet bands observed visually at u\ I. 434 and 421 
are shown to consist of five and two line."! respectively. The 
results for these plates are given below; and likewise, in the last 
column, the wave-lengths of the corresponding bands and lines of 
carbon and cyanogen as given by Kayser and Runge. 



July 13. 


July i-.. 


C*l.EON. 


Descriplioii of Bright Lines, 


47J6; 


.736 3 


473-.. 


Very bright line, the head o( blue band group. 
Very hrighl line in the blue band group. 










4674 s 


4675.4 














435-3 


4311-' 




Faint line. 
Very bright line. 
Very bright line. 


% 


'"" 




Vvry faint line, uncertain. 




•li 


40.S3S 


Br ght line, prob-ibly dtmWe, al 4073 and 406^.— 
Br ght line. 
Br ghl line. 




jSSi i 


3W3.5 


Very bright line, probably llie brighlesl ' ■■ 


38700 


3^9 


.isj. s 


Br.Rhi lii.c. hraiU. ri-scmliles a band, mor* 
rvrranKiblceilsel.iinl. 



Astronomical Society of the Pacific, H7 

The agreement of the comet spectrum with the strong bands 
and lines in the carbon and cyanogen spectra is perfect, within 
the limits of error, except that the wave-lengths for the comet are 
systematically less by one or two tenth -metres than Kayser and 
Runge's results. At first I was inclined to attribute the dis- 
cordance to the large flexure of the spectroscope when the 
great telescope is in nearly a horizontal position. But the same 
discordance exists also in the visual observations, which are not 
affected by flexure. An explanation may possibly be found in 
the fact that in the various spectra we have to deal with unsym- 
metrical bands, to some extent, rather than with lines. 

The photographs of Kayser and Runge do not include the 
carbon line at 4675 ; but it has been observed by Hasselberg 
and by Watts ; and the photographs of the spectra of Bunsen 
flames and of cyanogen flames made by H. W. Vogel show the 
five lines in the blue band and the unresolved part of the 
band exactly as observed by me in the comet spectrum. Kayser 
and Runge' s work does not cover the region 4366-4234 ; but 
Vogel' s photographs of the cyanogen spectrum contains lines 
which probably are identical with the comet lines at 4366 and 
4313. and possibly with a few others. 

All the observations were made with a dense 60° prism. 

The 36-inch telescope presents several positive disadvantages 
for comet spectrum work, of which I may mention two. 

The ratio of focal length to aperture, 19:1, is much larger 
than exists in small telescopes, and hence the latter would form 
much brighter images on the slit-plate than the former. 

The guiding in photographic work with the long telescope is 
difficult with low and rapidly moving objects. 



COMPARISON OF THE NEW STAR SPECTRUM 
WITH THE SPECTRA OF FIVE WELL- 
KNOWN NEBUL.C. 



Bv W. W. Campbell. 



The earliest observations of the August, 1892, spectrum of 
Nova Auriga convinced me that it was nebular. There was not 
the slightest resemblance to any other known type. The con- 
tinuous spectrum was extremely faint, as in the case of the 
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planetary nebulae; the spectrum consisted almost wholly of 
isolated bright lines; the three brightest lines had the relative 
positions and intensities of the three characteristic nebular lines; 
and a hasty examination of four well-known nebulae resulted at 
once in finding eight other nebular lines which corresponded to 
eight of the prominent lines in the new star. Without tabulating 
the results of the comparison with nebular spectra, I stated, in 
September and October, that '*The spectrum is that of a 
planetary nebula, * * * Nearly all these lines have been 
found either in the planetary nebula 2 6 or in the Orion Nebula ; 
the lines in Nova's spectrum, however, being displaced four or 
fiw^ tenth-metres towards the violet.** 

A question having been raised by Dr. and Mrs. Huggins, 
and by Professor Vogel*, as to whether the spectrum is really 
nebular or not, I made a few more visual and long-exposure 
photographic observations of nebular spectra. Without any 
difficulty I found ^v^ additional nebular lines, which also exist 
in the new star. The wave-lengths of all the bright lines thus 
far observed by me in five nebulae and in the new star are here- 
with tabulated : 



Orion 
Nebula. 


G. C. 4390. 
2 6. 


N. G. C. 

7027. 


G. C. 

4964. 


G. C. Ncn'a 
4373- Auriga. 


D3 


5876 


D. 


.... 


• • • • ■ • • 


.... 


.... 


5751 


.... 


5750 


• • • • 


.... 


5412 


. . . 


■ • • ■ • ■ • 


• • • • 


> • • • 


5313 


532 


. . • • • • • 


5007 


5007 


5007 


5007 I 


5007 5002 


4959 
4862 


4959 
4862 


4959 
4862 


4959 ^ 
4862 A 


^959 4954 
^862 4857 


.... 


4743 


4743 


4744 


... .... 


4713 

• • • • 

4661 

• • • • 


4714 
4687 

4663 

4637 
4610 


4716 
4688 

4631 


4714 
4686 

4663 

4640 

• ■ • • 


471 
4681 

4630 
460 


• • • • 


4595 


.... 


• > ■ • 


• ■ • • • ■ 


• ■ * « 


4574 


. . . 


• • • • 


* • • • • • • 


• ■ • • 




• • « • 


• • • • 


451 



* Professor Vogel inclines to the view that the bright lines are chromospheric. 
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Orion 


G. C.4390- 


N. G. C. 


G C. 


G. C. 


Nova 


Nebula. 


2 6. 


7027. 


4964- 


4373. 
4472 


Auriga'. 


4473 


4473 


• • • ■ 


4472 


4466 


4390 


4390 


• • a • 


• • • • 


• • • • 


438 


4363 


4364 


4363 


4364 


4363 


4358 


4341 


4341 


4341 


4341 


4341 


4336 


427 


i • • • 


• • • • 


f • • • 


• • • • 


426 


424 


• • ■ • 


• • • « 


• • • • 


■ > • • 


423 


4102 


4102 


4102 


4102 


4102 


4098 


4067 


• • • • 


• • • • 


4067 


4067 


• • « • 


4026 


4026 


■ • - • 


4026 


4026 


• • • a 


3969 


3969 


• • • • 


3969 


3969 


396 


3889 


• • • • 


• • ■ • 


• • • • 


.3888 


• • • 


3868 


3868 


• • • • 


3868 


3867 


• • • • 


3836 


* • • • 


■ • • • 


• • • • 


• • • • 


• • • • 



I have omitted from my original list of Nova lines those at 
[5570] and 5268, for the reason that they were too faint to per- 
mit an accurate determination of their wave-lengths. I have not 
searched for lines in the nebulae at those places, since the new 
star lines are not well enough fixed to make a successful search 
of any value, but Professor Vogel has observed faint lines in 
some of the nebulse at 5540 and 5270, which could easily be 
identical with the two Nova lines observed by me. 

I am not certain that any of the nebulae contain a line near 
wave-length 451; but all the other Nova lines can be said to be 
matched perfectly in one or more of them, allowing for the fact 
that the Nova lines were shifted (in August and September, 1892) 
a.bout five tenth-metres towards the violet. The Nova spectrum 
cliffers no more from the nebular spectra than the nebular spectra 
differ from each other; and as it resembles the nebular type per- 
fectly, and bears no resemblance to any other known type, there 
oan be no reason for changing my statement made last year that 
* * the spectrum is that of a planetary nebula." 

Dr. and Mrs. Huggins began to observe the new star spec- 
'^rum in February, 1893. Their observations* were confined 
entirely to the three principal lines in the spectrum, and indeed 
^most wholly to the brightest one of the three. They write that 



* Described in a paper recently read before the Royal Society of London. 
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as soon as they directed the spectroscope to the star (February i, 
1893) ^h^y saw at once, even with one prism, that the two prin- 
cipal bright bands which had been described as the ** nebular 
lines*' were in strong contrast with those, not single lines, but 
broad bright spaces, diffused at the ends and irregularly bright, 
which they suspected to be groups of bright lines. 

These characteristics of the lines agree perfectly with those 
described by me one year ago, in my first article on the Nova, 
except that in addition I observed several changes in the appear* 
ance of the brightest line. At that time I wrote: '** * * The 
difficulties in the way of deciding the question arise not from the 
faintness of the lines, but from their great breadth. They are 
more diffiise than those of any of the planetary nebulae which I 
have observed. With the grating the line X5002 is at least 
eight tenth -metres broad, with diffuse edges, and a brighter 
central region about four tenth-metres broad. On August 30 the 
line was suspected to be double, and the grating measures of that 
night refer to a point midway between the two condensations. 
On September 7 the measures refer to a point of maximum 
brightness slightly less refrangible than the centre of the line.'* 
(See Astronomy mid Astro- Physics, October, 1892, p. 718.) 

Further, I have ahvays described the lines as abnormally 
broad, and have observed that the appearance of the brightest 
line chayigcs. On August 23, 1892, I measured the positions of 
two apparent maxima at wave-lengths 5005.9 and 5000.3. In 
September, October and November,* 1892, the maximum in- 
tensity was at the centre of the band. In February and April, 
1893, the band was broader and nearly of uniform intensity 
throughout. At no time has there been any excuse for making 
an error of one tenth-metre in measuring the wave-length of the 
centre of the band. 

As a result of further observations Dr. and Mrs. Huggins 
conclude that the bands at A 501 and A 496 consist of lines more 
or less bright upon a feebly luminous background, with possibly 
some absorption lines. Their work in the rest of the spectrum 
was confined to satisfying themselves, "by a direct comparison, 
that the line about F was really the hydrogen line in that region." 

They wish to speak at present with great reserve concerning 
the character of the spectrum, since the observations are in- 



• See Astronomy and Astto-Physics, February, 1893, p. 149 
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complete; but they '*do not regard the circumstance that the 
two groups of lines above described fall near the positions of the 
two nebular lines as sufficient to show any connection between 
the present physical state of the Nova and that of a nebula of a 
class which gives these lines.'* 

I can readily assent to that conclusion. 

But in interpreting the spectrum of Nova we must not limit 
ourselves to our knowledge of those two bands or groups of lines. 
The rest of the spectrum must also be considered. Now, Dr. 
and Mrs. Huggins, and several other observers, have found that 
the intensities and relative positions of the three most prominent 
lines or bands in thb spectrum agree perfectly^ within the limits 
of error, with those of the three most prominent nebular lines*. 
I have observed nineteen lines in the Nova^ eighteen of which 
may be said to correspond perfectly to lines in the nebulae. Herr 
VON GoTHARD has observed seven lines, six of which he believed 
to exist in the spectra of several nebulae. Four of these six 
coincide with four lines in my list, and the other two are in the 
ultra-violet, quite beyond th^ limits of my photographs of the 
Nova spectrum. Now, if only the brightest two of the twenty-one 
known lines were broad bands or groups of lines, and the other 
nineteen were narrow and well-defined, a question might possibly 
be raised as to the origin of the two groups. But such is not 
the case. 

The * * line about F ' ' is seen with the large telescope to be a 
band, apparendy identical in form with those at the positions of 
the two chief nebular lines ; and likewise, with certainty, those at 
463 and 436. Whether the fifteen fainter lines and the one at 
X 575 are also very broad, it is impossible now to say ; but in all 
probability they are. If any one of these bands consists of a 
group of lines, it is very probable that they ail do ; and it would 
not, then, be a question of identifying each line in each group 
with some chemical element, but of observing the arrangemeftt 
of the lines in the groups^ in the hope of solving the problem of 
whether the Nova is one nebula, or a system of several nebulae. 

The lines in the February, 1892, spectrum occupied in general 
the positions of the solar chromosphere lines : those lines were 



* My recent observations of these three bandf in Nova give for their wave-lengths 
S006.0, 4958.3, 4860.2. These wave-lengths have increased or decreased simultaneously 
since August* 1892, and the intervals between them are the same as in the case of the well- 
known nebulae. 
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broad, and many of them were multiple ; but those facts did not 
prevent us from arguing that the spectrum was chromospheric. 

The lines in the present spectrum do not occupy the positions 
of the prominent lines in the February, 1892, spectrum, nor the 
positions of lines in the solar chromosphere, nor the positions of 
the lines in any of the bright line stars ; they do occupy the 
positiojis of the lines in the nebula; the spectrum resembles 
nebular spectra as closely as well-known nebular spectra resemble 
each other : therefore the spectrum is nebular, and the fact that 
the lines have remained broad, or may have remained multiple, 
does not militate against the theory. 

Mt. Hamilton, August 11, 1893. 



SOLAR ECLIPSE, OCTOBER 9, 1893. 



TIMES OF BEGINNING, ENDING, POSITION- ANGLES, ETC., FOR 
THE FOLLOWING PLACES IN THE STATE OF WASHINGTON. 





1 

SEATTLE. 


! 

CHEHALIS. 


i 

' SPOKANE. 




Lat. 47^^5' 


Lat. 46'^ 40' 


Lat. 47° 40' 




Long. 8h 9m 205 


Long. 81 


\ 1111152^ 


Long, yh 49m ^o> 




BEGINS. 


ENDS. 


BEGINS. 


ENDS. 


BEGINS. 


ENDS. 




A. M. 


P. M 


A. M. 
H. M. S. 


P. M. 


A. M. 


P. M. 




H. M. S. 


H. .M. S. 


H. M. S. 


H. .M. S. 


H. M. S. 


Pacific Standard 


1 
10 27 20 i 12 31 9 


10 24 23 


12 32 52 


10 41 13 


12 32 9 


Local 


10 18 00 1 12 21 49 


10 12 31 


12 21 CO 


; 10 51 33 


12 42 29 


Duration . . . 


2h 311. 49s 


2»> S"i 29s 


ih 5oin 56-. 


Moon's Hourly 
Motion in Rel- 
ative Orbit. .. 


1298.9" 


1289.5" 


1296.3" 


Magnitude . . 


.29 


■31 


1 .22 




S. of W. ' E. of S. 


S. of W. 


E. of S. 


S. ofW. 


W. of S. 


Position Angle 


3' 34' 57" 4"* 5' 23" 


1 - 54' 20" 


3" 30' 16" 


10^ 21' 18 ' 


0= 48' 22 ' 












- 


.._. 



The position angle has been located with reference to the 
nearest point of the quadrant on the Sun's disc, and not from the 
north towards the east, as is usual. 

As this eclipse is annular^ it is of some interest to know how 
much the shadow lacks of reaching the earth. I have made a 
computation, and have reached the following results: 
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Denote the Sun*s parallax by p and the Moon's by p'; the 
Sun's semi-diameter by s, the Moon's by s'. Then the Moon's 
parallax at the Sun is ^^\ and the Sun's parallax at the Moon 
^ ^~~p' T^^ semi-angle of the Moon's shadow is the difference 
between these values, or 16' 3.8"— 2.35"= 16' 1.45". Taking 
the Moon's real semi-diameter at 108 1 miles, we have 

leneth of shadow = - — 7—77 »x = 231,913 miles. 

^ sm (16' 1.45 ) o ^^ o 

The Moon's parallax is 55' 55.4"; and with this value the 

Moon's distance from the Earth's center is 243,380 miles. If 

from this we take the length of the shadow, 231,913, we have 

11,467, which is the amount which the vertex of the shadow 

lacks of reaching as far as the Earth's center. If from this we 

take the Earth's radius 3959, there is left 7508, which would be 

the distance in miles from the vertex of the shadow to the Earth's 

surface, provided the axis of the shadow passes through the center 

of the Earth. But in fact, the axis of the shadow does not pass 

through the Earth's center. The declinations of the Sun and Moon 

are both south, and the eclipse is central at apparent noon in Lat. 

12^^ 27' 36" north. It follows that the axis of the shadow must 

strike the Earth obliquely, and as a consequence the distance 

from the vertex of the shadow to the Earth's surface, on the line 

of the axis, is somewhat increased. 

If we calculate the Moon's true zenith distance, and the 
Moon's parallax in altitude, at the latitude 1 2° 27' 36" N. the 
Moon's distance from this point (where the eclipse is central at 
apparent noon) can be obtained by the following simple method: 
Denote the zenith distance by Z, the parallax in altitude by q, and 
the Earth's radius by R; then, sin q : sin Z :: R : Moon's distance. 
This gives 239,770 miles, the Moon's distance from the point 
where the eclipse is central at apparent noon. This, diminished 
by the length of the shadow gives 7857, which is the distance in 
niiles from the vertex of the shadow to the Earth's surface on the 
line of the axis. Orrin E. Harmon. 

Chehalis, Lewis Co., Wash. 
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NOTE ON THE DISCOVERY OF COMET b, 1893. 



Dr. Swift has kindly furnished the following copy of a tele- 
gram received by him at 4 A. M. July 9 : 

[copy.] 

Salt Lake, Utah, July 8, 1893. 

To Lewis Swift, Warner Observatory, Rochester, N. Y. : 

Naked eye comet observed 10 o'clock. Constellation Lynx. No 
telescopic observation possible. Alfred Rordame. 

135 East 4th South St. 

The following letter from Mr. Rordame gives additional par- 
ticulars : 

Salt Lake City, July 20, 1893. 

Professor E. S. Holden, Lick Observatory : 

Dear Sir — Accept my thanks for your kindly letter, and I regret 
very much that through some delay of the post office employees I did 
not receive it until this morning. 

The comet was first seen by me on July 8, at 10 p. M., at Garfield, on 
the south shore of the Salt Lake, as a nebulous star of about the third 
magnitude, and knowing that there was no star of that magnitude in that 
place (Lynx), I telegraphed at once to Prof. Swift. The tail became 
quite apparent to the naked eye after a few minutes* scrutiny. On my 
arrival in this city I tried to get a view of it with my telescope, but found 
it impossible on account of high buildings. 

Respectfully yours, (Signed) Alfred Rordame. 

135 E. 4th South Street. 

Dr. Swift also communicates the following letter lately 
received by him : 

Alta, Iowa, July 12, 1893. 
Professor Swift, Warner Observatory, Rochester, N. Y.: 

Dear Sir — I wish to make a correction in regard to the discovery of 
the comet in the constellation Lynx. The telegraphic reports state thai 
the comet was discovered by Mr. Alfred Rordame of Salt Lake City, at 
10 o'clock on Saturday night, July 8, 1893. Here at Alta, some fifteen 
hundred miles to the east of Salt Lake City, it was first seen at 9:30 the 
same evening by two young men, whose names, by the way, are James 
Miller and Charles Johnson. They communicated their discovery 
to Mr. David E. Hadden, a local U. S. weather observer and amateur 
astronomer, who will vouch for the truth of the statement. Thus, con- 
sidering the difference in time, the right of discovery is rightfully due to 
the above-named gentlemen by two or three hours. I have the honor of 
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knowing enough of Professor Swift to believe that he wishes to see jus- 
tice done. If you should wish to have further proof of my statements, 
please advise me, and it shall be forwarded without delay. 

Very respectfully, (Signed) C. H. Wegerslev, 

Editor Advertiser ^ Alta, Iowa. 

The comet was independently discovered by M. Quenisset 
at the Observatory of Juvisy (France), on July 9; and on this 
date and on the following day it was noticed by several persons. 
M. Roso DE Luna of Logrosan, Estremadura, Spain, observed 
an object at 15 hours local time of July 4. He supposed it to be 
a new star, and made a sketch of its position, which he sent in a 
letter dated July 6 to the Director of the Madrid Observatory, 
who received it on July 8. The position of the comet according 
to the sketch was : 

1893, July 4. 15^ 1. m. t. R. A. = 5'' 3™, Dec. = + 42°. 9. 

The position from Prof. Lamp's ephemeris is : 

1893, July 4. \b^ Berlin m. t. R. A. = 5^ 1.5™, Dec. = + 42^^.7. 

M. Roso DE Luna is therefore a discoverer of the comet, who 
communicated his observation with promptness. The fact that 
he did not recognize it as a comet is analogous to the mistake of 
Sir William Herschel, who in 1781 did not recognize Uranus 
as a planet, but supposed it to be a bright comet. 

The Regulations for bestowing the Comet-Medal of the Astro- 
nomical Society of the Pacific are printed in these Publications^ 
Volume III, page 146. Article II declares: "The medal will 
be given to the actual discoverer of any unexpected comet.*' 
Article IV goes on to define who the actual discoverer is : * * The 
discoverer is to make .the discovery known in the usual way, ' ' 
etc. The usual way is to notify some observatory at once by 
telegraph or letter, in order that the fruits of the discovery may 
be reaped. This condition was fulfilled by M. R. DE Luna, by 
Mr. Rordame and by M. Quenisset. 

In view of the possibility of an earlier discovery than that of 
Nl. DE Luna, it has been decided to postpone the award of the 
rnedal for the present. 

The Committee on the Comet-Medal. 

Edward S. Holden, 
J. M. Schaeberle, 
1893, September 8. Chas. Burckhalter. 
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A SIMPLE GEOMETRICAL EXPLANATION OF CER- 
TAIN APPARENTLY ABNORMAL FORMS OF 
THE SHADOW OF A SATELLITE DURING 
ITS TRANSIT ACROSS THE DISK 

OF JUPITER. 



By J. M. SCHABBERLE. 



-«i 



The curious change of form which the shadow of a satellit 
undergoes during its transit across the disk of Jupiter has often — -^^^ 
been noticed and commented upon, but, so &r as I am aware 
no satisfactory explanation has been given. 

The solution of the problem which I now give is pf su 
amazing simplicity that all doubt as to its validity is remov 
the proof involving only simple geometrical principles. 

Let R denote the radius oi Jupiter ; 
** r ** ** satellite radius of the shadow cone where 

intersects the surface of Jupiier, 

Then for a central transit this shadow cone intersects the %\L^m .sur- 
face of Jupiter in an oval, -the linear length d© of the transve^ ^^srse 
diameter being given by the expression 

do-R-2sin-'(^) ^ (I) 

while the longitudinal diameter d varies from d = do near ^ the 

center of the disk to a maximum value d = dm given by \\\t 

expression 

dn, == R • covers-^ l^ (2) 

For central transits no errors will be introduced if, for gre^ 
simplicity, we use the chords d'o and d'm in place of the arc 
The actual linear lengths of these chords are 



d'o = 2 R sin 



ik) '■" 



d',„ =-- 2 R sin ^: I covers-' ( ' ) ) (4) 




As seen from the Sun, these chords are of the same lengt/i m 
j)rojection, since the one correspondinc;;^ to do is inclined 90 to 
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the planet's radius- vector, while the other makes the angle 
^4 covers"^ (f ) with the same line ; or 

2 R sin ( ^ ) = 2 R sin^ }i j covers-' (^ U (5) 

Now let B denote the angular distance between the Earth and 
Sun as viewed from Jupiter; then the two limiting angles which 
the shadow chord makes with a line drawn to the Elarth are 

B + /4 covers"' l-^J and ^ yi covers"' \^) 

The plus sign always refers to the chord at the visible terminator 
and the minus sign to the chord at the invisible terminator of 
JttpUer, Multiplying the actual length of each chord by the 
sine of its angle of inclination to the line of sight, we obtain the 
observed maximum (and minimum) values of the longitudinal 
diameters r'm of the shadow 



r'm = 2 R sin >^ 



Jcover^-' (^ n sin / d di >^ covers"' (^\j (6) 



When ^ = o, this expression becomes r'n, = r© . 

The minimum value of r'm can never be observed, as the 
shadow can only be seen when its angular distance from the 
invisible terminator exceeds the angle B, 

The interpretation of equation (6) leads to the following fun- 
damental law, which is almost self-evident. 

Near the visible terminator of a superior planet the observed 
longitudinal diameter of the shadow of a satellite is always 
greater than the transverse diameter, and just the reverse is true 
when the shadow is near the invisible terminator ; the two prin- 
cipal axes of the oval approach equality as the distance from the 
center of the disk diminishes. The distortions reach a maximum 
when the planet is in quadrature with the Sun. There are no 
distortions when ^ = o** or ^ = 180**. 

Let us now apply these formulae to the case ol Jupiter' s first 
satellite. From observation we know that very slight contrasts 
of light and shade in the case ot Jupiter's satellite produce very 
marked contrasts when these are projected against the disk of 
Jupiter; consequently the umbra and more or less of the penum- 
bra are involved in the diameter of the shadow observed, the 
efTectiYe diameter being a function of the brightness of the back- 
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ground against which the shadow is projected. Taking the 
effective diameter of the shadow at 2100 miles, we find from equa- 
tion (i) that the actual length of the shadow near the terminator 
;s about 14,500 miles, and the chord is inclined to the planet's 
radius- vector 9*^.5. When Jupiter is in quadrature, B is some- 
thing over 11°; therefore, the chord 14,500 miles long is seen 
under the maximum angle 20.5. Consequently, its length pro- 
jected on a plane normal to the line of sight is more than 5000 
miles, or more than twice the vertical diameter of the shadow. 
When the shadow(complete) is internally tangent to Xh^/utt out- 
line of the planet, the observed horizontal diameter of the planet 
is, for the same value of 0, but little more than one-fourth of the 
observed vertical diameter. It is probable that the assumed 
effective diameter, 2100 miles, is much too large for the shadow^. 
If a less value is used, the distortion becomes increasingly greates:=^. 
If the transit is not central, the distortions will be oblique near tKi^e 
terminators, and on the central meridian the axes will be sligh^^ifly 
unequal. The exact geometrical form can now, of course, be 

predicted.* 



PHOTOGRAPHIC VERIFICATION OF THE MO ST 
DELICATE OPTICAL DETAILS ON THE MOON. 



By Professor L. WEiNEK.f 

Professor L. Weinek, Director of the Imperial Obser\'at o/}' 
of Prague, has submitted to the Imperial Academy of Science-s of 
Vienna, as a continuation of his recent lunar studies, drawings o( 
the ring-plane Capella and of the crater Taruntius C, enlarg'ed 
forty times from photographs taken at the Lick Observatory. 
His explanatory remarks are as follows : 

Drawings I and II represent the interior of the ring-plane 
Capella; drawings III, IV and V show the small crater on the 
north wall of Tanintius, which Maedler calls C. 



* When the elongated shadow falls centrally upon a very narrow bright belt or spot, 
an apparent contraction of the penunibral portion of the shadow will have a tendency to 
foi ni an apparent double shadow, especially when the seeing is not first-class. This 
explanation requires that the two portions of the shadow shall always lie nearly along ^ 
radius, or aloiiK a line jjarallel to the circumference. In the former position the shadow 
will be near the visible terminator and appear larger than in the latter position, which 
will be near the invisible terminator of the planet. J. M- S. 

t Translated for the Society by F. R. Zikl, Secretary and Treasurer of the A. S. Pi 
from the Sitznngibcinht of the Imperial Academy of Sciences at Vienna. July 6, 1893- 
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These five drawings are enlarged exactly forty times from the 
following photographs taken at the Lick Observatory : 

I. From Lick Observatory negative, 1890, November 17. 

51. gm ^^s p s y . moon's age, = 5^ 12.5''. 

IL From Lick Observatory negative, 1890, August 31. 

\^ 27" P. S. T.; moon's age = 16^ 18''. 
in. From Lick Observatory negative, 1890, November 16. 

5** 53" P. S. T.; moon's age = 4** I2\ 
IV. From Lick Observatory negative, 1890, July 20. 

7'' 53"* P. S. T. ; moon's age = 4** f, 
V. From Lick Observatory negative, 1890, August 31. 

i^h 27«n p^ s. T.; moon's age = 16^ i8\ 

Both pictures of Capellay in which the shadows are cast in 
opposite directions, have exactly the same position in reference to 
the Moon's meridian, so that the vertical lines of the reticle repre- 
sent the direction of the meridian for this locality of the Moon. 

The exact orientation was found by turning plates I and II in 

such a manner that the east crest of Capella and the east rim of 

crater D, northeast of Capella (which objects Maedler places 

*n almost the same meridian), coincided with one of the vertical 

fees of the glass reticle, which was divided into spaces of one 

half- millimetre, and which was used in making the enlargement. 

'1 a similar manner the three drawings of the crater Taruntius C 

^^re located exactly alike, in reference to the meridian of the 

P^^ce, which is also shown by the vertical lines of the picture. * 

THE CENTRAL PEAK IN CAPELLA, 

Mr. C. M. Gaudibert of Vaison (Vaucluse), in writing to 

'^^ on April 27, 1893, ^^Jls my attention to a small crater which 

^^ ciiscovered on May 24, 1890, on the summit of the central 

^^^^k in Capella, which he describes in the Revtie mensuelle 

-^stronamie paptUaire, Fevrier, 1892, p. 64, as being excessively 

^^^^11 at the time of first observation ; but at present he is able to 

it without difficulty, so that Mr. Gaudibert is led to the 

^*i^ that this summit-crater may have lately attained a larger 

^^rneter. 

I was much interested by Mr. Gaudibert' s information, and 

*^*"^^ceeded to search for this crater on Lick Observatory plates of 

^^ year 1890, for the purpose of ascertaining whether the photo- 



These pictures will be published in the future. 
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graphic representation was inferior or superior to the optical 
observation. 

Mr. Gaudibert states that during the whole of the year 1890, 
and until September 20, 1891, although he searched for this crater 
whenever opportunity offered, he was unable to verify his first 
observation; which is no doubt a proof that the optical observation 
of the crater was extremely difficult during the year 1890. 

I had no trouble in finding this summit-crater on two plates 
( I and II ) of 1890, with shadows falling in opposite directions, 
and was, moreover, led to the discovery of several formations oP 
rills and some much smaller craters in the vicinity ; the enlat^e- 
ment of 40 diameters (viz. : 0.28"™ on Schmidt's map ^0.50*") 
shows an exceedingly small crater (having a diameter of only 
cS"™) to the east, which is identified on both drawings I and II, 
as well by its position as by its size. 

I may state that the round outline of this minute crater oik 
plate II is of the same order as the lines of the faintest rills dis- 
covered photographically. I have found, after making n 
measurements, that the grain of the photographic plate, 1 
enlargement of 40 diameters, has a size of only 0.10 to o.iy 
mil inielres ; this agrees well with Professor Eder's measure- 
ments in Die photographische Camera und die Monientpholo— 
graphie, 1S92, i>age, 698, which place the size of the grain o^^ 
quick dry plates at 0.003 to 0,004 millimetres ; so that the graiiv. 
is about five to eight limes smaller than the diameter of the;^ 
above-mentioned crater. 

Plate I shows the summit-crater very clearly, and was taken aCz, 
about the same age of the Moon as that on which the optical dis — 
covery was made, viz., May 24, 1890, the Sun being about 18*^^^^ 
above the morning horizon; whereas for |)late II the altitude of th^^" 
Sun was about 28° above the evening horizon. The greater attitudes 
of 10° in the latter case is probably the reason why the crater i^ 
not so plainly shown on plate II, where it is hardly more thar» 
outlined. The visibility of a crater is naturally also governed h-y 
its inner slojie toward the west or east, as the case may be, an«3 
which is not known beforehand. In general the conditions 
exhibited on plite I appear to be more favorable for Capella than 
those of plate II. 

The small crater discovered by Galdibert on March 15. 
1H91, on the western slope of ihe central peak is well visible on 
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plates I and II ; on the former with a distinct round outline with- 
out much shadow, on the latter with a shadow. 

The first- mentioned manner of photographic representation of 
small craters is very interesting, and is quite frequently met with 
on the photographic plate, but as a rule becomes apparent only 
by strong magnification, and in many cases furnishes the proof of 
the existence of an optically observed crater, which, owing to the 
not quite favorable exposure conditions of the plate, had appar- 
ently been lost on the latter. 

Southeast from the summit, at the base of the peak, there are 
three larger craters, of which the two outer ones can be identified 
on plates I and II without difficulty. The middle one, however, 
is barely visible on plate I, although quite plain on plate II. 

Among the many small craters, including some as small as 
one-sixth of the diameter of the summit-crater on both pictures, 
which appear principally as perfectly circular oudines, and which 
can in some cases be traced on plates I and II (on plate I the 
Moon's distance from the Earth is a little greater than on plate 
II). We observe on plate II a circle of four distinct craters 
on the southwest wall of Capella; of these the most easterly one 
is also shown on plate I. A very delicate rill-formation, extend- 
ing from the sumniit-crater in a southwesterly direction, and 
which is finally divided in the shape of a fork, can be identified 
with certainty on both plates. 

Plates I and II show a great number of chains of delicate 
undulations, low elevations and &int rills, the general direction 
of which is perpendicular to the Sun. Among these we may 
mention several chains on the peak itself, which converge toward 
the summit-crater, and, therefore, probably originate in the latter. 

Finally, I may mention that the time employed in the pro- 
duction of drawing I was 20^ hours, and ofdrawing II 25 hours. 

Considering this relatively short time of drawing, it was 

possible, in both cases, only to make an exact drawing of the 

central*peak, while the rest has only been sketched, although it 

is correct in reference to position and showing all important 

detail. 

T4RUNTIUS C. 

Plates III and IV, in which the shadows are cast in the same 
direction, and plate V, in which they &11 in the opposite direc- 
tion, show that there is another smaller crater at the bottom of 
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this crater, which, on plate V, gives the impression of being 
slightly convex, and has a small crater opening in its center. 

The size and shape of this inner crater agrees well in all 
three cases. 

The diameter along the meridian is equal to 3.5 millimetres, 
or 2.23 kilometres,* or 0.30 geographical miles on the enlarge- 
ment of 40 diameters, whereas, the diameter of the inner crater- 
opening is 0.25 kilometres, t 



THE CORDOBA DURCHMUSTERUNG. 



By R. H. Tucker, Jr., Astronomer in the Lick Observatory. 

The completion of twenty degrees of the Cordoba Durch- 
mustening marks an epoch in that undertaking. The first ten 
degrees, from — 22° Declination, one degree North of the limit 
of Schonfeld' s Diirchmusterung, to — 32*^, forms Volume XVI 
of the Cordoba Observations, and has been already distributed to 
observatories and astronomers, The remaining ten degrees, to 
— 42° Declination, are in the hands of the printer, and will be 
included in another volume. The maps to accompany the 
volumes, giving all the stars of the catalogue, are, some of them, 
now being lithographed. 

The two volumes give the places and magnitudes of more 
than 340,000 stars down to the tenth magnitude. As the 
region covered by this section of the Durchmusterung is three- 
tenths of the Southern sky, and but thirty three-hundredths 
remain to the pole, about half the surface included in the original 
scheme has been completed. 

The obser\ation of the twenty degrees has required five years 
of effective work for the two observers engaged upon it. During 
this period more than 1600 indi\ndual zones were taken, one 
hour long at the maximum, and one degree of Declination 
width, except in portions of the MBky Way. where but 40 
wide was possible. This covers the lap necessary between sue 
ceeiling zones in Declination : the zones broken by clouds, 
ri peateii from suspicion that the sky may not have been 

• » »V Kn^Ush miles, 
t AV Hti|cH»h miles. 
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fectly clear ; the narrow ones of the Milky Way ; those lost by 
failure of the chronograph to record; and short zones to fill in 
the gaps caused by the various sources of interruption. Some 
portion of the region South of 42° has also been observed. 

Since the Moon deprived us of one-third the nights, and 
shortened the working hours of one-half the remainder each 
month, but one-third of the whole month could be counted upon 
for entirely dark nights. One- half the nights have been cloudy 
on the average, so that during the period over which the work 
extends, including the Revision, there has been an average of 
less than ten nights per month upon which satisfactory Durch- 
musterung observations could be made. 

The maximum is reached in the month of August, the end of 
winter and the last of the dry season, when the average for the 
month was 12.8 nights. October, in the beginning of the rains, 
has the smallest average, 7.3; while, in the height of summer, 
January reaches 1 1 . 7 nights. 

The periods of six months, corresponding to dry and wet 
seasons, give almost identically the same amount of observing 
weather. In the commencement four zones were taken each 
night, later increased to six, for some months; but, as recorders 
were not available for these longer nights, five zones have usually 
constituted a full night's observing. The greatest number in 
any one month was that of August, 1886, when sixty-seven zones 
were observed on eighteen nights. 

The observer retained his position uninterruptedly during 

each zone, without removing his eye from the telescope. The 

number of stars in individual zones ranges from 300 to 1400, and 

4500 have been observed in one night. Notwithstanding the 

farge number of stars to be taken as they cross the scale in the 

center of the field, the collection and comparison of various zones 

covering the same region, shows that but few are omitted that 

have been estimated at any time as brighter than tenth magni- 

^cle. These have been looked up on Revision, and the great 

"Majority of those observed once only in the original zones as 9^, 

*^^ve been found to be as faint as tenth magnitude, very often 

^low that type. 

The tenth magnitude as observed was an elastic type, and 

*ritended to include stars slightly in doubt as to falling within the 

"Hiit; and when there might be a suspicion that the sky was not 

^» the usual transparency, faint stars were purposely included. 
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Accordingly, those having but one observation as ten, have 
generally not been again looked up, and do not enter the 
catalogue. 

The estimates of individual magnitudes have often, necessa- 
rily, been very hurried, especially since in the densest r^ons 
the stars do not lie uniformly distributed, but appear in irregular 
masses. In general, however, the estimates will not suffer from 
the need of quick judgment. Long- continued practice in just 
this class of work has given a facility and a steadiness to the 
observers that could be gained in no other way. The faculties 
are trained to alertness; there is usually no time for a second or' 
revised estimate without risk of neglecting other stars hurrying 
on, and one's observing habit becomes molded to the needs 
of the service. 

The observing was done in a perfectly darkened room, the 
scale for the determination of positions being visible against the 
starlit sky. None was carried on when there was a sensible 
amount of moonlight, nor when there was cloudy sky in the 
region at which the telescope was pointed. 

The continuity of the work, its extensiveness, and the 
uniformity of the conditions under which it was performed, 
should render the magnitudes reliable. This is of primary 
importance, for, next to the completeness of the catalogue, its 
usefulness to the working astronomer will depend upon this 
feature. 

The Durchmiisterung, including the Northern one of Arge- 
L.VNDER and that of Schonfeld, serves as the basis of series of 
zones of accurate places of stars down to a limiting magnitude, 
brighter than the limit of the DurcJwiiisterung itself. Such a 
series has been carried to completion in the Northern sky, under 
the auspices of the Astronomische Gesellschaft; the Albany and 
Cambridge Observatories having borne a part. The list of stars 
to be observed is taken directly from the corresponding Durch- 
miisterHng. The scale of the succeeding zone will be, perhaps 
insensibly, somewhat adapted to that of the working list. 
Uniformity is then essential throughout, and the type which 
limits the plan of the zone sliould be as nearly as possible the 
true one. 

In current observing the astronomer has continually to refer 
to his Durchmustcrung, to obtain the configuration of stars near 
some object whose place is to he determined, probably by differ- 
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ential measures. In identifying the stars, consistent magnitudes 
are nearly as useful an aid as the relative positions. 

The places are given in the Durchmustening with more than 
sufficient exactness to serve both purposes: to form a working 
list for observations of high precision, and for the identification 
of any star by its relative position to others. The maps will be 
less consulted, except for the brighter grades of stars, for this last 
purpose, than the catalogue itself. The formation of the catalogue 
lends itself to these uses with great facility. 

The magnitudes were estimated to the nearest quarter, and 
since there are always two or more observations of each star, the 
mean gives the adopted magnitude to tenths. Comparing, during 
the progress of the current reduction, many regions covered by 
the same observer, and identical in two zones, so that all stars of 
one are included in the other, more than one-half the estimates 
agree in giving the same quarter, and the average difference of 
estimate is less than one-eighth of a magnitude. 

The greatest differences are in estimates of the brighter stars, 
but these have been in large part estimated again during the 
Revision. 

A useful check during the progress of the work was the count 
of magnitudes as observed, by grades, to test personal bias 
towards certain quarters. While the object of this was not to 
avoid any particular quarter in succeeding work, it served to 
attract the observer's attention strongly towards the need of ex- 
ercising an even and wakeful judgment. 

The accompanying percentage is the result of a large number 

of counts for the same observer, for the scale from nine to ten : 

the even ninth magnitude is in excess, while the large percentage 

of tenth shows the tendency to include Winter stars. Some of 

t:hese last will fall into brighter grades in the catalogue, while many 

^^vill be dropped, from having but one observation: 



ESTIMATES OF MAGNITUDES BY QUARTERS. 
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Brighter than 9 mag. 


Percentage, 


.099 


9 




.068 


9^ '' 




•043 


9}^ " 




.096 


9H " 




.146 


ID ** 




.548 



1 66 
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Tests, by counts from the catalogue, of each tenth of a mag- 
nitude, show that the accumulation of observations has resulted 
in the whole scale being pretty fairly represented, with tendency 
to grouping at the even and half magnitudes. The table gives 
the percentage, as results of counts extending over the first ten 
degrees, for the first six hours, 29,000 stars having been counted. 

The proportion of tenth magnitude stars indicates that this 
type undoubtedly includes those one-tenth of a magnitude fainter 
of the same scale, and probably somewhat more. 



COUNT OF STARS 


OF THE CATALOGUE. 


o"* to VP 


— 22° to — 


31° 


ighter than 7 mag. 


Percentage 


.007 


7.0 ** 
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7.1 *' 




.001 
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.005 


8.3 - 
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.012 
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.009 


8.7 - 
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.066 
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.090 
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.092 
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10 



i ( 
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The magnitudes observed were often tested during reduction 
of the observations, by comparison with the stars of the Cordoba 
Zone Catalogue, used to obtain the constants of reduction for the 
places of the Durchmusterung . These tests agree, over a long 
period, in giving a pretty consistent difference for the same 
observer of 0.17 mag. throughout the range from 7 to 9; the 
Zone Catalogue estimates being fainter. For stars fainter than 9 
in the Zone Catalogue, the difference in the magnitudes at once 
increases, and it seems probable that the fainter estimates of that 
catalogue, especially ten, of which but few were made, were 
obtained under observing conditions less favorable than usual. 

The proportion of D. M. stars, observed in the Zone Catalogue, 
was found to be o. 100; from the number used in the reduction of 
a large part of the work. But this is not a complete count. 

The number of stars contained in the Zone Catalogue 
would give 33,000 as the proportional number from — 23** 
to — 42**. Though not intended in any measure to be com- 
plete beyond the eighth magnitude, it could be considered as 
extending to an equivalent limit slightly fainter than 8. 8 of the 
D. M. scale, the stars observed feinter than that limit balancing in 
number, approximately, those omitted between 8 and 8.8. 

The percentages of stars of each magnitude, in the first six 
hours of the Northern ten degrees of the Durchmusterung^ afford 
a test of the magnitudes themselves, on the basis of the distribu- 
tion of the stars at distances corresponding to their brightness. 
The inference would be that tenth magnitude stars would be 
represented by 9.9 of the D. M. scale, and that the 10 of that 
scale would be mainly 10. i and 10.2. 

This is additional assurance that the catalogue is complete 
to the tenth magnitude, while any type of magnitude brighter is 
not likely to be more than one-tenth of a unit in error. 

The probable error of a single observation of position, from a 
large number of determinations made during reduction, by com- 
paring pairs of observations by the same observer, was db o. 7* in 
Right Ascension, and ±: 0^.33 in Declination. While in Right 
Ascension the probable error is less than half that of Declination 
in arc, it may seem large for transits; but in observing the brighter 
stars there is an uncertainty in estimating the instant of dis- 
appearance behind the scale, hardly to be compared with that of 
the bisection of a star by transit threads. 

The probable error of the final place of the star is not much 
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affected by the error of reduction, it is mainly due to observa- 
tion. But in Declination there is always -a factor, due to tlie 
estimation of the divided scale to a certain fractional part — tenflis 
of a division in this case correspond inf>; to whole minutes of arc. 
A test of personal bias in observing tlie declinations was made 
at various times during the- reduction, b^' counting tlie units of the 
scale. This being reckoned from 20 to 80, tlie number o would 
naturally be in excess of the others; and as both 19 and 81 were 
often included, the units i and 9 show the effect The table of 
percentages, which gives the result of a large numbCr of counts 
at different epochs, for the same observer, shows also a tendency 
to avoid the unit 5. 

COUNT OF UNITS OF DECLINATION SCALE. 

Scale o Percentage ,145 ' 

*' I " .118 

" 2 '• .095 

" 3 " 095 

"4 " -085 

" 5 " -073 



'■ o " .145 

Foilowing the original zones of the Durchmusieruag. the Re- 
vision was devoted to clearing up all cases of doubtful identity, of 
magnitude, and of place, that were found in collecting and com- 
bining the various observations of the same region. This covered 
twenty months of effective observing, and was finished in the 
month of March of this year. 

The reduction of this great mass of observations has required 
the nearly undivided labors of three men for the period which the 
observing has occupied. This carries it through publication, but 
the map-drawing is not included. 

The current observing was usually brought up and reduced 
month by month ; the combination followed when a sufficient 
amount had accumulated, and the collected results were given a 
thorough scrutiny preparatory to the Revision. 

The proiii])t ]>ublication of the resuhs of the Durclunuslerung. 
following upon its vigorous prosecution, has been quite in the 
.spirit which has governed the previous undertakings of the 
Cordoba Observatorv. 
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NOTICES FROM THE LICK OBSERVATORY. 

Pkepared by Membkrs of the Staff. 

The Distribution of Land and Water on Mars. 

fExtract from a private letter of Professor SCHrAPARELU to Professor 
HoLDEN dated April 5, 1S93. Printed by permission.] 
****** 
" You ask me my opinion of the idea of Professor Schaeberle 
ihat the yellow areas of Mars correspond to the seas, and the 
dark patches to continents. I must declare that the whole result 
of my studies upon this planet is to induce me to reject this 
opinion. When we look at a body of deep water (the sea or a 
lake) from a height nearly vertically above it we invariably find it 
to be of a very dark shade. This is well known to all Alpine 
travellers. When one of the deep lakes, which abound in those 
mountains, is viewed from above, it appears as black to the eye 
SIS the ink which I am using at this moment, while the surrounding 
Tocks appear far less dark when they are illuminated by the Sun, 
The cause of this is that the surface of pure water reflects barely i^ 
of the incident vertical rays of light ; the other JE enter the water, 
-where they are completely absorbed if the water is 100 or 150 
TnStres in depth. From this I conclude that if seas exist in Mars, 
and if they are composed of a transparent liquid, it is beyond 
doubt that they would exercise a similar effect on light and absorb 
it almost completely. But if these seas were composed of milk 
or of melted sulphur, for e.tample, my reasoning would naturally 
be without value. 

Another argument in this question is furnished by the northern 
polar cap of Mars. As shown by my planisphere this cap is 
situated in the yellow regions of the planet. As this cap is in 
the process of diminution, it appears bordered by a dark zone 
which narrows progressively as the cap narrows, and only disap- 
pears when the polar cap has almost vanished. 1 suppose that 
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this dark border (which sends all round many ramifications in 
every direction) is nothing but the result of the melting of the 
snows of the northern polar cap. On this supposition the various 
phenomena which it presents can be very well explained, while 
the hypothesis of Professor Schaeberle w^ould lead to various 
difficulties. 

Such are, for the moment, my ideas on this point. I recognize 
that they are, as yet, hypothetical in great part, and I am quite 
ready to modify them and to adopt other ones, if the latter are 
more accordant with observations. ***** 

G. V. SCHIAPARELLI. 

A note from Professor Schiaparelli, dated June 7, acknowl- 
edges the receipt of some photographic copies of drawings of 
Mars made at the Lick Observatory in 1893. On these Pro- 
fessor Schiaparelli remarks that he has recognized the doubling 
of the canals designated on his chart by the names Ganges^ 
Euphrates and Hydaspes, The two first have been observed to 
be double on many occasions, but the doubling of Hydaspes is 
noticed for the first time. E. S. H. 

Remarks on the Surface-Markings of Mars [by J. M. 

Schaeberle]. 

To the objections which Professor Schiaparelli raises 
against my interpretations of the surface- markings on the planet 
Mars, I have the following to say : My views are based upon 
two striking and well observed facts which I interpret as follows : 

First — The observed gradual obliteration of surfece details 
with increasing distance from the center of the disk of Mars 
towards the circumference indicates the presence of a spherical 
shell of matter (atmospheric) above the general surface of the 
planet, which absorbs and obstructs some solar light which would 
otherwise be reflected from the surface. 

Second — The observed corresponding increase in the bright- 
ness of the disk of Mars with increasing distance from the center 
to the circumference indicates that the reflecting particles of 
matter in this spherical shell (atmosphere) are of such a density 
and reflective power that more light is actually reflected from this 
shell than from the general surface of the planet. 

If these interpretations are in accordance with the actual con- 
ditions of things above the surface of Mars, it would seem that 
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certain arbitrarily assigned surface conditions would result in cer- 
tain definite phenomena which could be predicted. Conversely, 
if certain phenomena are observed, the surface conditions can no 
longer be arbitrarily assigned. 

Referring now to Professor Schiapareli-i's first objection, I 
wish to say that as the Alpine lakes are situated at altitudes which 
practically place them far above those terrestrial atmospheric strata, 
^which cause a bright sky, his illustration is hardly a fair one. 

Granting that water absorbs IS of the normally incident light, 
1 still cannot agree with him that the cause of the blackness of 
tihese lakes is mostly due to the great absorptive power of the 
Avater, indeed I even venture to say that if all the same incident 
Xight were totally reflected from the water's surface, these same 
Xakes would, by contrast with other terrestrial reflections at the 
"%vater's sur&ce, appear quite as black. 

In order to satisfy myself more fully on certain points, a few 
simple exi>eriments were made, some of which are described 
iDelow so that they can be easily repeated by anyone desiring to 
^o so. 

A vessel lined with black velvet cloth to prevent internal 
^reflections, was filled with water and placed alongside of a basin 
^^f mercury vertically under the zenith shutters in the meridian 
^zircle room. The shutters are painted a light grey color on the 
:inside. 

When these shutters were opened so as to admit only a 
narrow line of sky light directly overhead, the reflection from 
^?ach surface appeared as a line of white light, that one from the 
mercury surface being of course the brighter. When, however, 
the shutters were wide open and illuminated by direct sunlight, 
the sky by contrast was of a deep blue color in both reflecting 
sur&ces, that from the water surface being of a deeper hue than 
the sky reflection fi*om the mercury surface. In both reflections 
the sky appeared much darker than the shutters, the contrast 
being very much the greatest for the mercury surface. 

An idea of the peculiar character of the zenith sky reflection 
can be gathered from the next experiment. The same water 
vessel was placed upon some ordinary pieces of grey rock, of 
which Mt Hamilton is so largely composed, and which is very 
much brighter in sunshine than the vast fields of chapparal-covered 
ground, which by contrast with the sky actually appear black to 
the eye. A short tube was then so placed that equal areas of 
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sun-illumined rock and of water surface could be seen. An 
unbiased, intelligent individual being asked to look down the 
nearly vertical tube, actually maintained that the sky reflection 
from the water surface was brighter than the sun-illumined ground. 
Other unbiased observers invariably complained that the character 
of the two lights was wholly different, but agreed that the reflec- 
tion from the ground seemed to be the most effective. 

In the next experiment, the water sur&ce, the rocks, and the 
writer (on an overhanging roof thirty feet above) were exposed to 
full sunshine. The sunlight reflected from my fece and mirrored 
in the water surface below, was brighter than the reflection from 
the sun-illumined rock on which the vessel rested. So plain was 
the image, although at an equivalent distance of 60 feet, that the 
features were unmistakably recognized. The parts of my body 
in the shade appeared dark in projection against the reflected 
image of the deep blue zenith sky of Mt. Hamilton. 

The reflected image of a white sheet of tissue paper held in 
the sunlight to represent a milky sky, was very much brighter 
than any terrestrial object beneath me, both by light trans- 
mitted through the paper and by reflection from the side exposed 
to the Sun. 

From these and other experiments I infer that a milky sky will, 
when viewed from a point wholly exterior to the Earth, always 
cause a water surface to look brighter than a land sur&ce. If the 
horizon of Mt. Hamilton were of the same deep blue color as its 
zenith, San Francisco Bay would appear black compared with 
the surrounding country even though the angles of incidence 
and reflection are such that but little light is absorbed by the 
water. 

I would meet Professor Schiaparelli's second objection with 
the reply that during the last opposition I observed precisely the 
same phenomenon in the south polar regions which he describes 
as occuring near the north pole, as can be seen from those of my 
drawings already published, and yet we both agree in making the 
south polar regions dark The phenomena accompanjring the 
gradual diminution in the size of the white south polar cap were 
closely watched, and while I can give no consecutive series of 
observations illustrating the changes which the north polar cap 
undergoes, all my drawings of the south polar region represent 
that part of the disk of Mars as dark and always most intensely 
so just along the edge of the white zone. I have all along been 
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inclined to attribute this marked variation in shade almost wholly 
to the sharp contrast between the excessive whiteness of the cap 
and the much less brilliant surface of the planet. 

If this dark shading is simply a matter of contrast, no 
additional conditions are required to account for the observed 
phenomena of the north polar region regarded as a water area ; 
the gradual melting of an ice cap covered with snow would offer 
a satisfactory explanation. At the south pole it would be a land 
area covered with snow. 

An interpretation of my own observations and drawings, what- 
ever their real value may be, leads to conclusions which are not 
compatible with the hypothesis that the darker irregularly-shaded 
markings correspond to water areas, and the uniformly bright 
portions to land areas. Such would in part be the case if 
Mars possessed no light-dispersing atmosphere; but the observed 
increase in brightness from the center of the disk to the circum- 
ference with an accompanying loss of surface detail, alone alpiost 
completely demonstrates the presence of an atmosphere highly 
charged with matter capable of reflecting the Sun's light. Such 
an enveloi>e about Mars would of course tend to diminish the 
brightness of the land surfaces, and to very much increase the 
brilliancy of the water surface. 

It seems to me that if the presence of such an atmosphere 
is taken for granted, the land and water-markings heretofore 
assigned must be interchanged. J. M. Schaeberle. 

Lick Observatory; August 20, 1893. 



Experiments in Photographing the Corona. 

We learn from a short note in Astronomy and Astro- Physics 
for August that Professor Hale, of Chicago University, recently 
attempted, from a station on Pike's Peak, to photograph the 
solar corona without an eclipse. This is a problem which HuG- 
ciNS, Hale and Deslandres have attacked in various ways, 
with considerable expectation of success. Professor Hale does 
not regard the observations with his * ' coronograph " as at all 
successful, possibly owing to the fact that the atmospheric condi- 
tions on Pike's Peak were surprisingly poor. We trust the 
various methods suggested will soon be put to the final test under 
perfect conditions. W. W. C. 
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Researches in Stellar Parallax made at the Oxford 
University Observatory by the Aid of Pho- 
tography [by Rev. Charles Pritchard]. 



[Extracts from a review by Harold Jacobv, printed in V. J. S. dfr 
Asl. Geseil.. 1893, p. 117]. 



The following table and extracts from the review above quoted 
are important and interesting: 
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to 1888 Dec. 
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+ 


078 


1887 Feb. 
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+ 
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3 
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+ 
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+ 
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+ 
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— 
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+ 
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+ 
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* * A glance at the table shows a distinct dependence of the paral- 
laxes upon right ascension. If we take the means for each 6'', 
omitting 6i Cygni, on account of its large parallax, we find: 

« * Mean No. of 

Parallax. Stars. 

18*^ — 24'^ -j-0".09I 5 

O — 6 .068 12 

6—12 .047 5 

12 —18 .015 5 

The variation with right ascension is small, but well defined. 
There can be no doubt that it is due to systematic error in the 
observations, whereby the results are made to depend upon the 
months in which observations begin and end. In fact, again 
omitting 61 Cygni, the eight stars observed from May to May, or 
^November to November, exhibit a mean parallax of + o". 100, 
"while the nineteen others come out with a mean parallax of only 
— f-o".04i. From the data given by the author, it is of course 
impossible to discover the immediate cause of systematic error, 
1>ut it is doubtless of instrumental origin. Its numerical minute- 
ness is no less remarkable than its very distinct character. This 
speaks highly for the accuracy of the results ; yet, in the light of 
the above evidence, we are not justified in accepting the extremely 
small probable errors deduced by the author as reliable indica- 
tions of uncertainty. The table of parallaxes proves that the stars 
5n question are excessively remote, but it proves no more. 
"With the possible exception of )3 Cassiopeia^ we cannot even 
xegard the existence of measurable parallaxes as proven absolutely. 
Yet the general result of the entire research certainly shows the 
liigh value of the photographic method. Probably a few additional 
precautions, such as the use of a r6seau to detect variations of the 
film, and a more thorough investigation of the optical distortion 
of the field, would tend to diminish still further the small system- 
atic errors to which attention has been called. * ' 

Photograph of the Moon, 1891, October ii. 

The frontispiece of the present number represents one of the 
many attempts to find a method of reproducing the Lick Observ- 
atory moon negatives which should be at the same time satis- 
factory and not too expensive. The picture is reversed; the 
top of the plate is south, the right-hand border is west. 

£. S. ri. 
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Mr. Ranyard on the Origin of Lunar Formations. 

In Knowledge for August i, 1893, Mr. Ranyard has a very 
interesting article on the origin of lunar formations, excellently 
illustrated by enlargements from the admirable moon-photo- 
graphs made at the Paris Observatory by the MM. Henry. 

Mr. Ranyard discusses at considerable length the theory of 
the meteoric origin of lunar craters (see these Publications^ Vol. 
IV, 1892, page 263), and pronounces adversely upon it. It is not 
possible to do justice to Mr. Ranyard' s paper by an abstract, 
without reproducing his illustrations, and this, unfortunately, is 
impracticable at this time. It must suffice, then, to refer those 
interested to this number of Knowledge (which ako contains a 
suggestive paper by Miss Clerk E on our Sun considered as a 
bright-line star). E. S. H. 

Six-inch Brashear Refractor for Sale. 

Mr. C. H. HowiE^ON, Chippewa Falls, Wisconsin, writes that 
ill health obliges him to give up observing, and that he desires to 
sell his 6-inch Brashear objective (of Jena glass), mounted 
equatorially. For particulars, apply direcdy to Mr. Howieson. 

£#. S. n. 

Scientific Visitors to the Lick Observatory. 

(Messrs. Eugen and Stephan von Gothard and Dr Harkanyi.) 

On July 8 we had the pleasure of receiving Messrs. Eugen 
and Stephan von Gothard, of Her§ny, and Dr. Harkanyi, 
of Budapest, at the Lick Observatory, and of showing them the 
results of present work in photography and spectroscopy. In 
return we were enabled to examine the originak of the beautiful 
photographs of nebulae and of the spectra of stars and of nebulae 
made at Her6ny with the lo-inch reflector, and to compare them 
with our own observations. The very few hours of their stay 
were most fully and profitably occupied. E. S. H. 

Progress of Astronomy in America, i 620-1 893. 

A paper by Professor Holden, in the New York Forum for 
August, 1893, gives a brief account of the progress of Astronomy 
in America since its first setdement, and embodies the substance 
of a communication made to the Astronomical Society of the 
Pacific at its meeting of March 25, 1893. 
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Scientific Visitors to the Lick Observatory. 
(Dr. M. W. Meyer; Professor Max Wolf.) 

During the summer of 1893 we have had the pleasure of re- 
ceiving several European astronomers at Mt. Hamilton, among 
them Dr. MeyeR, the Director of the Urania Institute of Berlin 
(August i) and Dr. Max Wolf, Professor of Astronomy in 
the University of Heidelberg (August 4-6). The World's Fair 
of Chicago has done us a good service in bringing these gentle- 
men through seven hours of longitude, so that the remaining two 
liours seemed a trifling additional journey. It has been a sincere 
pleasure to welcome these guests from the fer East. E. S. H. 

Observations of 70 Ophiuchi and Neighboring Stars, 
Made wiTrf the 36-lNCH Telescope of the 

Lick Observatory. 

:i893.58. 



K 



P— sis'". 2 


S 2".4I 




AandB 


p — 40^.84 


s— 96".8i 




A ** a 


p = 205°.74 


s 56^.00 




A ** ^ 


p = 226°37 


s~i6i".69 




A ** £: 




Four series upon three nights. 






R. H. 


Tucker Jr. 



Measure of Struve 2145. 

At the request of M. C M. Gaudibert, Professor Schaeberle 
examined the principal star of the wide double star Struve 2145, 
^nd found it to be a close double, as below. 

A and B. 

1893.643; / = 49°.o; j = o".36; mags. 9.0 ... 9.3; 36-inch 

telescope. E. S. H. 

The Red Star, DM. + 36"* 4025. 

While observing the Wolf-Rayet star DM. + 36® 4028, 
I noticed near it a very red star, DM. + 36^4025, 9.5 magni- 
tude, whose spectrum was found to be of Secchi's type III. It 
is not contained in Dr. Scheiner's compiled list, and has prob- 
ably not been observed before. 

Dr. Scheiner's list assigns to DM. + 36® 4028 the type 
III b. It is II b, and should be excluded from the list 

W. W. C. 
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The Bielan Meteors of November, 1892. 

It will be remembered that the display of the Bielan meteors 
which had been predicted for November 27, 1892, actually 
occurred the night of November 23, and was observed quite gen- 
erally throughout the United States. No explanation was offered 
at the time to account for their unusually early appearance, except 
possibly that the meteor stream through which the Earth was 
passing late in November had become very broad and the meteors 
irregularly distributed in it Dr. Bredichin of Pulkowa has now 
shown that a very simple and ordinary mathematical explanation 
exists. The following extracts are translated from his short 
paper on the subject in Asixonotnische Nachrichten^ No. 3154: 

**The observations of the Bielan meteors on the 23d of 
November in America have shown that the collision of the thick 
part of this swarm with the Earth last year occurred almost four 
days earlier than in the year 1885; that is, that the descending 
node of the stream moved almost four degrees west during the 
interval between November, 1885, and November, 1892. 

** It shows that this retrogression was caused by the perturba- 
tions produced by Jupiter upon that part of the swarm which 
possesses an equal (or nearly equal) mean daily motion as, 
earlier, Biela's comet had. 

^ * ' The perturbations were especially large from the end of 1889 
to the middle of 1891, reaching their maximum value in July, 
1890, at 306° heliocentric longitude ol Jupiter^ when that planet 
was only about 1.24 astronomical units from the place of the 
former (Biela) comet. 

**An approximate computation of the special pertiurbations for 
the whole interval of the appreciable influence of Jupiter gives a 
total retrogression of the node of something over 4®, and a 

decrease of the inclination of the orbit of about o®.6** 

#■ 

The influence oi Jupiter^ s attraction, then, changed the orbits 
of the meteors in that part of the stream to such an extent that 
they collided with the Earth on November 23 instead of Novem- 
ber 27, as they would have done had that attraction not existed 
Dr. Bredichin has shown that the perturbations of meteor 
streams may be of sensible magnitude ; and they must hereafter 
be taken into account in the predictions of meteor displays. 

w. w. c 
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The Driving Clock of the 36-iNCH Equatorial. 

Apropos of a recent discussion in the Observatory concerning 
the power required to drive equatorial telescopes, I will give the 
data for the driving clock of the 36-inch telescope. 

A weight of 810 pounds falls through 17.4 feet, and propels 
the telescope 131 minutes. This is equivalent to ~ horse power* 
The power really required is much smaller than this, as is shown 
by the fact that the clock alone requires about 2" 20* to pass 
from rest to full speed, while only 2" 30' are required when the 
clock is clamped to the telescope. W. W. C. 



Comet b, 1893. 

The bright comet visible in July — the photographic and spec- 
troscopic observations of which are described elsewhere in this 
number — was discovered independently by a large, number of 
people. The telegrams notifying American observatories of the 
discovery gave the credit to Mr. Alfred Rordame, an amateur 
astronomer of Salt Lake City, Utah, who detected it by naked 
eye at 10 P. M. of July 8. He immediately notified Dr. Swift 
of Rochester by telegraph, who verified the discovery the next 
evening. Two gentlemen of Alta, Iowa, Messrs. Johnson and 
Miller, claim to have seen it about 8:30 p. m. of July 8, but 
their announcement did not reach astronomers till several days 
later. On July 9 it was discovered independently by Mr. QufeN- 
isset of Juvisy Observatory, France ; by Mr. Filmer of Faver- 
sham, Kent, England ; by Professor Boss of Albany ; and by 
several others. 

Late in August American astronomers learned from a pub- 
lished note by the director of the Madrid Observatory that the 
comet had been discovered on the morning of July 5 at Logrosan, 
Spain, by Mr. Roso de Luna, who considered it to be a new 
star of the fourth magnitude, in the constellation Auriga, without, 
unfortunately, attaching to the discovery the importance which it 
merited. A letter by the discoverer, date Logrosan, July 6, 
received at the Madrid Observatory July 8, called attention to the 
^*new star,'* and located it, by means of a chart enclosed, with 
reference to the surrounding stars. Cloudy weather at Madrid 
prevented a verification of the discovery. From the orbit of the 
comet, now well determined, it has been found that the position 
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which the comet must have occupied on the morning of July 5 is 
identical with that occupied by Rose de Luna's new star, and 
there is no doubt of the identity of the two objects. 

On July 1 1 the nucleus was of about the third magnitude, 
since when it has steadily and rapidly decreased, until now the 
brightness is less than one per cent, of that at discovery. On 
July 17 the nucleus was much more condensed than I had 
observed it on any date between July 1 1 and 16. 

The comet was nearest to the Sun on July 7, its distance being 
about 0.67 of the Earth's mean distance from the Sun. 

w. w. c. 

The French Eclipse Expedition to Senegal. * 

M. Deslandres of the Paris Observatory and chief of the 
French expedition to Senegal to observe the solar eclipse of 
April 16, has communicated to the French Academy the princi- 
pal results obtained on that expedition. 

Aside from the photographs of the corona with several short 
cameras, which were successful, the observations were wholly 
spectroscopic. The spectrum of the corona was photographed 
as far up in the ultra-violet as the ordinary solar spectrum 
extends, and at least fifteen new coronal and chromospheric 
bright lines were detected. The light of the corona consisted of 
a strong continuous spectrum and bright lines. None of the 
ordinary solar dark lines were observed. 

Another spectroscope was so arranged that the spectra of two 
portions of the corona on opposite sides of the Sun were photo- 
graphed side by side. The two portions selected were situated 
in the plane of the solar equator, each about two-thirds of a solar 
diameter from the Sun's limb. Now the lines in the two spectra 
show a slight relative displacement, which M. Deslandres finds 
to correspond to a difference in the velocities of the two portions, 
relative to the observer, of from 5 to 7.5 kilometres. The con- 
clusion drawn from this is that the corona is rotating about the 
solar axis from west to east along with the rest of the Sun, and at 
nearly the same rate. 

These spectroscopic observations had never been attempted at 
previous eclipses, and we await with intense interest the publica- 
tion of M. Desl AN ore's final and full report. His experience 
in Senegal will undoubtedly be consulted by all who will form 
programmes for future eclipses. W. W. C. 
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The Cause of the Sun Spots and their Periodicity. 

Mr. W. T. Lynn suggests, in a letter to the August Observa- 
tory^ that * the most probable cause of the periodicity of the solar 
spots*' is that they are produced by a ring of meteors which 
revolve around the Sun and pass very near his body when in 
perihelion. If the period of revolution of the ring were assumed 
to be 1 1 . 1 years, the aphelion of the orbit would be slightly out- 
side of Saturn s orbit. It would have to be assumed that, as in 
other well-known streams, the meteors were especially numerous 
in a ]>articular part of the stream, and that a maximum of Sun 
spots is produced when this dense part is passing perihelion. 

Mr. Lynn's suggestions form an important modification of an 
old theory that the spots are due to the falling of meteoric matter 
upon the Sun. However, if it be held that the spots are caused 
directly by the fall of meteors, there still remains the enormous 
difficulty of explaining the distribution of the spots in two well- 
defined spot zones. Further, the meteors would approach always 
from the same direction in space, and the Sun spots should 
originate almost whoUy on one hemisphere (with reference to 
space) of the Sun. W. W. C. 

The Next Total Eclipse of the Sun. 

Astronomers are already beginning to plan for the next 
observable total solar eclipse, which occurs 1896, August 8. The 
line of totality passes through Norway, the island of Nova Zembla, 
central Siberia, northeastern *China, and the island of Yezo in 
Japan. The eclipse at Yezo occurs at 3 p. M. , and the duration 
of totality is about 2*° 40'. European parties will probably estab- 
lish their stations, for the most part, in northeastern Norway and 
on Nova Zembla. American observers will undoubtedly go to 
Yezo, if the meteorological conditions are not too unpromising. 
When the results obtained at the April, 1893, eclipse have been 
published and discussed, it will be none too soon to prepare for 
the eclipse of 1896. Just what will be the most important prob- 
lems left over from the recent eclipse cannot now be stated, but 
spectroscopic observations will undoubtedly occupy the most 
important places on the observing programmes. W. W. C. 

JupiTEsrs Satellites. 

The August number of I* Astronamiej in commenting upon 
certain observations of Jupiter^ s satellites made by the Arequipa 
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observers, asks whether the great Lick Observatory telescope 
could not for a time be devoted to this curious subject. 

Results of satellite observations made here by various ob- 
servers have been published at various times, and from some 
personal observations of the conditions prevailing at Arequipa I 
have little hesitation in saying that for the same observer the 
results given by the 13-inch telescope at Arequipa cAn not equal 
those given by the 36- inch on Mt. Hamilton ; so that if it should 
finally turn out that certain marked peculiarities of the satellites 
had been observed at Arequipa which had not previously been 
observed herje, this must be attributed to a superior diligence of 
the South American observers. J. M. S. 

1893, September i. 

The Change of Sensitiveness in Dry Plates. 

We quote some exceedingly interesting and useful remarks on 
the subject of dry plates in astronomical photography from a 
paper* by Professor Max Wolf of Heidelberg University : 

* * * * It is not a pleasant experience to give an eight or 
nine hours' exposure to what is believed to be a highly sensitive 
plate, and then to find on development that the whole work has 
been thrown away, because the plate was really quite an insensi- 
tive one. The photographer who has had this experience 
repeated several times (as I hav^e), very soon learns to become 
cautious. The only reliable test of sensitiveness, however, as 1 
may here remark, is comparison by actual exposure to stars, the 
ordinary sensitometer tests being much too uncertain. 

" Special caution is necessary in dealing with fresh plates. In 
the early part of my work I always noticed that new plates 
received from the makers were uniformly less sensitive than the 
previous ones, and that it was necessary to expose them a much 
longer time, so that it almost seemed as if the manufacture of dry 
plates was retrograding. '^ -^ The peculiarity is so strongly 
marked that durinu' the last winter I was hardlv able to obtain 
the same objects on a new lot of Li'MIKRK plates that I had pre- 
viously obtained with the last i)lates of the same make, even with 
a three-fold greater exposure. -'^ --^ 

"I had, indeed, known earlier than this that plates changed 



• The EriRiish translation in Astyono^nx a>ui .l.^fro-phvsti s for Auj^ust, from the orig, 
inal in Kver's Ja/irduch/tir Phototii af'/itc uml A\'/>ri> fiutions-Urhnik. 
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somewhat in sensitiveness when stored, but I could hardly expect 
that the change would amount to so much as a three-fold increase; 
and yet it was so. After ^\ei months the new Lumi^re plates, 
at first so slow, were as sensitive as the preceding ones, and 
exceeded in sensitiveness all my other plates. A similar change 
took place in those of other makers. * * 

**The sensitiveness does not by any means increase indefi- 
nitely with the time. On the contrary, it soon reaches a maxi- 
mum, which persists for some time, and after this the sensitiveness 
diminishes. * * 

* * For LuMiERE plates this time has been found to be from 
five to seven months after manufacture. By taking advantage of 
this fact much can be gained ; sometimes, as I have said, an 
increase in sensitiveness of three or four times. * * 

* * From the foregoing the astronomer may take warning never 
to assume that plates made from the same emubion are equally 
sensitive if they are used at different times. * * For the same 
reason it is also very difficult to determine beforehand what 
exposure should be given in order to obtain stars of a certain 
magnitude. It is quite impossible to do this ( leaving out of the 
question changes in the transparency of the air), without taking 
into account the age of the plates. * ' W. W. C. 

Acknowledgments. 

The success of the Lick Observatory eclipse expeditipn to 
Chile is largely due to the efficient and willing aid given by those 
with whom I came in contact — more particularly to the Regents 
of the University of California ; the Government of Chile ; John 
King, British Consul at Carrizal Bajo ; the firm of Gonzalez, 
IzAGA & Co., owners of the Mina Bronces mine ; Filipe Bray, 
captain of the mine ; and R. A. Walker, engineer from 
Valparaiso. 

A day or two before the eclipse the staff of volunteer assistants 
was farther increased by the arrival of the following gentiemen : 
W. F. Gale, the amateur astronomer from Paddington, N. S.W. ; 
Mr. TiRAPEGUi, mining engineer from Santiago ; J. J. Aubertin, 
author of several books of travel, and his private secretary, 
A. Hole, both from London; Lieutenants Brown, Bodger 
and Wilson, R. N., H. M. S. Melpomene, All of the above- 
named gentlemen took active parts in the observations during 
totality. 
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Special acknowledgments are also due E. J. Molera, C. E., 
San Francisco ; Seftor Guerrero, Consul for Chile, San Fran- 
cisco; Wm. Henderson (of Balfour, Guthrie & Co.), Val- 
paraiso ; and Professor E. S. Holden, every ready to do all in 
his power to assure the success of the expedition. 

Finally, it remains to be chronicled that astronomical science 
owes a debt of gratitude to Mrs. Phcebe Hearst, who made the 
expedition possible by generously offering to defray the expenses. 

J. M. SCHAEBERLE. 



The Binary Star fi 733 (85 F^gasi). 

A recent observation of this most interesting of Mr. Burn- 
ham's double stars indicates that the computed period of 22.6 
years (which I deduced from his measures extending from 1878 
to 1888) will be somewhat in excess of the true time of revolu- 
tion, as can be seen from an inspection of the following residuals, 
which involve all the observations at hand. Each residual is 
found by subtracting the value given by my orbit (see Astronom- 
ical Journal, No. 248) from that given by direct measurement. 
All the observations were made by Mr. Burnham excepting the 
last, which was made by myself Since 1878 the^ position-angle 
of the companion has increased 255°. 
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Annular Eclipse of the Sun of October 9, 1893. 

The annular eclipse of the Sun. which occurs on October 9, 
1893, will ^^ visible as a partial eclipse throughout the western 
and south-western half of North America and on the western 
coast of South America. It will not be visible at points east 01 
Denver and north of Florida. The path of the annulus will lie 
almost wholly in the Pacific Ocean, touching land only in the 
vicinity of Lima, Peru. The eclipse will have very littie scientific 
value, and astronomers will confine their observations to noting 
the two times of contact and any accompanying phenomena. 

At Mt. Hamilton the eclipse will begin at 10** 21'" 36* a. m., 
Pacific standard time, at 10° 47' north of the Sun's west point, 
and end at 12** 56°* 33" p. m., at 12° 41' east of the Sun's south 
point. There is an unavoidable uncertainty of several seconds in 
the predicted times. 

At San Francisco the contacts occur about a minute earlier 
than at Mt. Hamilton. Similarly, for points east and south- 
east of Mt. Hamilton the contacts occur later. At the time of 
greatest eclipse the Moon will obscure the south-western half of 
the Sun, for observers in California. W. W. Campbell. 

Brilliant Meteors, August 30-31, 1893. 

Sonoma, August 31. — Sonoma valley residents were treated 
to an unusual sight last night about 11 o'clock* when a bright 
meteor appeared in the eastern part of the sky. It resembled the 
flash, of an electric light and lit up the town like day. It ap- 
peared to be only a few hundred feet from the earth. 

San Andreas, August 31. — Last night at 10:50 o'clock 
there appeared one of the most brilliant meteors ever seen in this 
section. It exploded a short distance northwest of the town, 
lighting up the whole heavens as bright as day. It seemed to 
emanate from the constellation Cassiopea^ and coursed in a nearly 
northwest direction. 

Ukiah, August 31. At about 2 o'clock this morning the 
eastern sky was illuminated by the fall of an exceedingly brilliant 
meteor. This privateer of the heavens fell apparendy about 
three miles from Ukiah. As it struck the earth it exploded with 
a sound similar to the discharge of an immense sky rocket. 
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The supposed scene of the fall of the meteor was vbited by hun- 
dreds to-day, but no indication of the presence of the celestial 
visitor was discovered. — S. F. Chronicle. 

The Bruce Telescope.* 

Cambridge, Aug. 19. — The conditions have not been good 
for making practical tests with the Bruce photographic telescope 
since its completion early in the week, but the tests thus far have 
proved very satisfactory. The telescope has a focal length of 
1 1 feet 3 inches, and an objective of about 24 inches. There are 
four lenses, made of flint and crown glass imported from Paris. 
The front lens is 3^ inches thick in the center and ^ inch 
at the edge. The front flint glass measures three-fourths of 
an inch in the center and 2.35 inches at the edge. The 
crown lens in front weighs 93 pounds and the flint lens 91 
pounds. The back flint lens measures eight-tenths of an inch 
in the center and 2 inches on the edge. This weighs 8oj4 
pounds. The back crown lens measures 2^ inches in the center 
and .67 inch at the edge. There b a separation of 2^ inches 
between the lenses. The prism used in this telescope is made of 
flint glass, and is 25 inches in diameter. The thick edge is 2.88 
inches and the thin edge nine-tenths inch. It weighs 125 pounds. 

This telescope will photograph stars of the seventeenth mag- 
nitude or greater. Mr. Clark is at work upon another big 
telescope, which it is thought will surpass even the Bruce tel- 
escope. This has been provided by Mr. Yerkes of Chicago, 
and is intended for the new observatory which is to be erected in 
connection with the Chicago University. It will have a focus of 
63 feet. The flint glass lenses to be used weigh 310 pounds and 
the crown lenses 205 pounds. — New York Su7i, 1893, August 20. 

Visitors to the Lick Observatory. 
The visitors' books of the Observatory show : 



6400 Visitors admitted for the Year ending June i, 18S9 

5132 " " •' '' '• '* I, 1S90 

5005 '' " '* " •* '• I, 1891 

5959 " " " " " " I, 1892 

5472 •' " - " '' •• I. 1893 



27968 " " for the Years 1S88-1893. 

About ten per cent, of the visitors do not register. 

E. S. H. 



* Sec tliesc PubHcatlous, Vol. V, page S2. 
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Minutes of the Meetings of the Board of Directors, 

HELD IN San Francisco, August 14, and at the 

Lick Observatory, September 9, 1893. 

At a special meeting of the Board of Directors, held in San Francisco 
on August 14, 1893, it was Resolved, That the September meeting, to 
be held at the Lick Observatory, be postponed to September 9. 

Adjourned. 

Professor Campbell took the chair, and a quorum was present. 
The minutes of the last meeting were approved. The following members 
were elected : 

List of Members Elected September 9, 1893.* 

Loyal H. Bradford North Ferrisburgh, Vermont. 

Arthur Collins Swarthmore, Delaware Co., Pa. 

Henry Cowell* 413 Hyde Street, S. F. 

Walter F. Gale, F. R. A. S Paddington, Sydney, N. S. W. 

Jos. F. Gassmann 318 Montgomery Street, S. F. 

S. D. JOS. GoK^.KZ {°SS"^^t?*^J^rifi.*'' 

Paul Tycho Johnson Livermore, Alameda Co., Cal. 

Edward Lande Mills Building, S. F. 

Clarence Mackenzie Lewis . . . . { '^^y^^th Street, New York, 

M. M. Parker San Jos^, Cal. 

Miss Mary A. Sullivan 571 36th Street, Oakland, Cal. 

R. H. Tucker, Jr | Lick O^b^servato^^ 

It was Resolved, That Professor Hussey be authorized to expend, 
not to exceed $30 in providing illustrations to be made from his nega- 
tives of Comet b, 1893, made at the Lick Observatory. 

Adjourned. 

Minutes of the Meeting of the Astronomical Society 
OF THE Pacific,* held at the Lick Observ- 
atory, September 9, 1893. 

Professor Campbell presided. The minutes of the last meeting as 
printed in the PublicaHons, were approved. The Secretary read the 
names of members duly elected at the meeting of the Directors. 



* A star signifies life membership. 



i88 Publications of the 

The following papers were presented: 

1. Preliminary Note on the Corona of April i6, 1893, by Professor 

J. M. SCHAEBERLE. 

2. The Spectrum of Comet b, 1893, ^Y Professor W. W. Campbell. 

3. Photographs of Comet b, 1893, made at the Lick Observatory, by 

Professor W. J. Hussby. 

4. A Summary of the History of the New Star of 1892, by Professor 

E. S. HOLDEN. 

5. Comparison of the New Star Spectrum with the Spectra of Five 

well-known Nebulse, by Professor W. W. Campbell. 

6. Predictions of the Times of Beginning and Ending of the Solar 

Eclipse of October 9, 1893: 

For Various Places in the State of Washington, by O. E. Harmon. 

For Mount Hamilton (and San Francisco), by Professor W. \V. 
Campbell. 

7. The Cordoba Durchfnusterung^ by R. H. Tucker, Jr. 
Nos. I, 5 and 7 were read and discussed. 
Adjourned. 
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VARIATION OF LATITUDE.* 



By W. J. HussEv. 



The ordinary work of an engineer does not usually require 
him to take account of forces producing minute effects nor of 
quantities which are extremely small. Such forces and quantities 
are generally n^ligible when their magnitudes are small as com- 
pared with the uncertainties in the magnitudes of the other forces 
and quantities with which they are to be compared. In engineer- 
ing structures the qualities of the materials employed and the 
firicBon of statiohaiy and moving parts are ordinarily sources of 
quantities which are variable between wide limits and more or less 
indeterminate in their amounts. When this is the case, it is quite 
unnecessary to use a rigorous theoretical treatment or a refined 
pinactical application, so far as these uncertainties are concerned. 
But the engineer's work is not all of this character. Some of 
it requires rigorous treatment in theory and practice. When 
such is the case it is necessary to know and take account of all 
the influences which measurably affect the accuracy of the results. 
Numerous examples illustrating this might be cited. It b proper 
to mention here some of those belonging in common to the en- 
gineer and to the astronomer. It b so in geodetic work and in 
the determinations of meridians and important boundaries. These 
require a very high grade of engineering work combined with an 
equally high grade of astronomical work. In these cases the 
astronomical part consists largely in determining azimuths, longi- 
tudes and latitudes as accurately as possible. Each of these 
presents singularities peculiar to itself, and in the case of latitude 



* Reprinted from Tkt Teckmi'c, 1893. 
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the chief singularities relate to its variation. In the following 
paragraphs this subject will be briefly considered. 

Before considering the phenomenon of the variation of latitude, 
as it appears from observation, it will be well to give, even at the 
risk of being somewhat technical, a few of the results which 
follow from the dynamical principles involved in the case of ro- 
tating bodies and then to see what the applications of these results 
are in the case of the Earth, ^or the present it will be assumed 
that the rotating body is perfectly rigid. 

For any point of a rigid body there are three principal axes 
• and three principal moments of inertia corresponding to them. A 
body rotating about a principal axis will preserve that axis as a 
permanent axis of rotation so long as the body is subject to the 
action of no disturbing force. A disturbing force will, however, 
change the position of the axis of rotation of the body. The 
amount of change will depend upon the degree of stability of the 
principal axis ^nd upon the magnitude of the disturbing force. In 
case the rotation is stctbU, a small force will, at most, only cause 
a small deviation of the axis of rotation from a fixed straight line 
known as the invariable line. If, however, a small force event- 
ually produces a very great change in the rotation, it is unstable. 
So far as has been, and, probably, can be determined, the rota- 
tion of the Earth is stable, and the actual deviation of the axis of 
rotation from the invariable line is very slight indeed. Still it is 
large enough to have a measurable influence on the results of 
astronomical observation, and as it is one of the chief causes of 
the periodic variation of latitude, we will proceed further with the 
results obtained from dynamical considerations. 

When the rotation of a rigid body does not take place about a 
principal axis, the axis of rotation does not remain fixed in the 
body, but continually changes its position, even though the rota- 
tion is not disturbed by the action of any extraneous force. The 
line through the body coincident with the axis of rotation at any 
instant is at that instant the instantaneous axis of rotation. The 
movement of the instantaneous axis of rotation can in some cases 
be determined. The case of interest to us is that in which two 
of the principal moments of inertia about the center of gravity 
are equal and each nearly the same as the third one, and in which 
the axis of rotation is nearly though not quite in coincidence with 
the unequal principal axis. And for our case we may further 
assume that the rotation is not disturbed by the action of any ex- 
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traneous force. Under these conditions the invariable line and 
the instantaneous axis of rotation both move with reference to the 
body. They describe in it co-axial right cones, the common axis 
of which is the axis of unequal movement of the body. But the 
invariable line is fixed in space and consequentiy the axis of un- 
equal moment really describes a right cone about it, and so also 
does the instantaneous axis of rotation. The semi-angles of the 
cones described about the axis of unequal moment by the in- 
variable line and the instantaneous axis are connected with each 
other and with the principal moments of inertia by a very simple 
relation, from which, in the case of the Earth, it can be shown 
that these semi-angles are very nearly equal. The relation is 

B tan a = ^ tan j8, 

where a and j8 are respectively the angles made by the invariable 
line and the instantaneous axis of rotation with the axis of unequal 
moment and B the unequal and A one of the equal moments of 
inertia. Then a and j8 are the semi-angles of the co-axial cones 
and their difference the semi-angle of the cone described by the 
instantaneous axis about the invariable line. 

The Earth is not exactly a spheroid of revolution, but it is so 
nearly so that this assumption will not lead to appreciable error. 
It is not a thoroughly rigid body, but in order to apply the above 
results it will, for the moment, be regarded as such. The^ con- 
ditions give two equal principal moments of inertia. Moreover, 
the rotation as assumed above is very approximately satisfied by 
it. The attractions of the Sun, Moon and planets do not act, as 
might at first be supposed, as forces disturbing that part of the 
motion now under consideration. Hence they do not invalidate 
the results given. They produce precession and nutation and 
although the effect now being considered is known as the Eulerian 
nutation, it really comes about by making an abstraction of the 
disturbing forces and regarding the Earth as simply set in ro- 
tation and left to itself. It is that part of the motion, analytically 
considered, which is derived from the complementary functions 
arising in the integration of the differential equations obtained in 
taking account of the action of the Sun and Moon in disturbing 
the rotation of the Earth. To obtain these complementary 
functions certain terms must be placed equal to zero, and this 
happens to be equivalent to making an abstraction of all extra- 
neous forces. According to theory, then, the instantaneous axis 
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of rotation and the invariable line describe co-axial right cones^^ 
in the Earthy of which the common axis is the axis of figure. Andfc^ 
the rotation axis describes a right cone in space about the m-^c-^ 
variable line as an axis. Theory further shows that the axis cci:i^ 
rotation will revolve about that of figure from west to east and i'^M 
a period of 

sin ^ 
sin (a — )3) 

days. In order to determine this theoretical period, a and /? 
must be known, or, at least, since they are small and nearly equai, 
the ratio of either to their difference must be known. It can be 
shown, still assuming the Elarth to be perfectly rigid, that this 
ratio cannot exceed 306 times either and that this is its approxi- 
mate value. Hence, the theoretical period is about 306 days or 
about ten months. This is often referred to as **Euler*s ten- 
month period.'' 

Such, in short and in part, is the theory of the rotation of the 
Earth as accepted until recently. But theory is not always correct 
and that it has not been so in this case has been demonstrated 
by Dr. Chandler in his recent important researches on the va- 
riation of latitude. And Professor Newcomb has pointed out a 
defect in the theory: it is in not taking account of the want of 
rigidity of the Earth and in wholly neglecting the fluidity of 
the oceans which surround it. These are important elements. 
Their effect is to lengthen the theoretical period of the revolution 
of the axis of rotation about that of figure. Thus, by cissuming 
the Earth to be homogeneous and to have a rigidity equal to that 
of steel, a period of 441 days is obtained instead of 306 as re- 
quired by a perfectly rigid Earth. 

Latitude, as found by observation, is the complement of the 
angle included between a vertical line through the place of obser- 
vation and the instantaneous axis. The vertical line is determined 
by the direction of gravity which may be assumed to be constant 
so long as the form of the Earth and the distribution of the mate- 
rials composing it remain the same. From this it is evident that 
there will be a variation of latitude if the axis of rotation is not a 
fixed line in the Earth and that this variation will be periodic if 
the axis of rotation revolves regularly about that of figure. And 
it is further evident that the amplitude of variation will depend 
upon the angular separation of the two axes and that the phases 
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f variation will progressively move around the Earth. Places 
<differing in longitude will, at any given time, exhibit different 
phases. 

It has long been known that if such periodic variations exist 
£md are of measurable magnitudes, they will afford the means of 
^determining the position of the axis of rotation with reference to 
that of figure. Analytically considered, this requires, simply, the 
determination of the values of two constants of integration. By 
means of data furnished by observation attempts were made some 
years ago to find the values of these constants, with the result that 
both seemed to be zero, which would indicate a coincidence of the 
two axes. But such is not the case. Dr. Chandler has recently 
shown that there is a revolution of the axis of rotation from the 
west to the east in a period of 427 days and that the semi- 
amplitude of the variation of latitude due to it is about o."i2. 
He has also shown that there is another periodic variation, which 
will be spoken of later on. 

That this periodic variation was not previously detected by 
those who attempted to discover it, Peters, Nyren and others, 
is probably due to their too strict adherence to theory and to the 
306-day period which it indicates. In cases like this where the 
quantities in question are small and likely to be confused with 
instrumental and other errors of observation, it cannot be expected 
that the solution of equations of condition will give results of a 
confirmatory character unless the assumptions which are involved 
in their formation approximate closely to the truth. Naturally, 
then, the use of a period of 306, instead of the true one of 427 days, 
would lead to inconclusive results. Dr. Chandler's success, 
aside from the vast amount of painstaking labor which it has 
required, is due to his having perceived the inadequacy of existing 
theory to account for the observed phenomenon and to his skill 
in treating a difficult problem by strictly inductive methods. He 
tells us that he * ' deliberately put aside the teachings of theory, 
because it seemed high time that the facts should be examined by a 
purely inductive process ; that the nugatory results of all attempts 
to detect the existence of the Eulerian period probably arose 
from a defect of the theory itself; and that the entangled condi- 
tion of the whole subject should be examined afresh by processes 
unfettered by any preconceived notions whatever.** And the 
problem which he proposed to himself was ' ' To see whether it 
would not be possible to lay the numerous ghosts — in the shape 
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of various discordant residual phenomena pertaining to the J^ 
determination of aberration, parallaxes, latitudes and the like — 
which had heretofore flitted elusively about the astronomy of 
precision, during the century; or to reduce them to a tangible 
form, by some simple, consistent hypothesis. It was thought that 
if this could be done, a study of the nature of the forces, as thus 
indicated, by which the Earth's rotation is influenced, might lead 
to a physical explanation of them. ' * 

In the course of his investigations, he has searched astronom- 
ical records for data bearing on the question and in doing so he 
has relied not merely on recent observations but has gone as far k 

back as the time when Bradley was using his sextant at Wanstead _ 
in 1726. For somewhat more than a hundred years from the 
beginning of this period, the observations do not form a con- 
tinous series, so that it has not been possible, so fer, to trace 
satisfactorily the course of the variations of latitude which they 
plainly exhibit. But for the last fifty years the series is fairly"%^X-i\y 
continous and this has enabled results of great importance to be^^^Jbe 
obtained. These will be given, but before doing so, it may b€^^<zf b€ 
well to state that they have been obtained through a discussion ot,^^ . o 
some thirty- three thousand observations, one-third of which were^"rK^aen 
made in the southern hemisphere. Seventeen different observa— j^^v^^a 
tories participated in making these observations, and four of theses €s-^cs€ 
observatories belong to the southern hemisphere. In makin^^^^Kjng 
them twenty-one different instruments and nine different methodst>ods 
of observation have been used. 

The first result obtained has already been mentioned, the revo-^^-%^o- 
lution of the axis of rotation about that of figure in 427 days^^^^ys. 
This produces a periodic variation of latitude having, as was finallJT^ Uy 
determined, a semi-amplitude of o."i2. By a consideration oftlrr^TrAe 
results obtained at widely separated observatories, it was shorn m c^in 
that this variation is neither instrumental nor local, but terr *'* 's 
trial, and it led at once to Professor Newcomb's modification 
the theory of the Earth' s rotation. For a time, during the progr^ 
of the investigation, it seemed probable that this variation 
subject to a considerable variation both in period and amplita 
But this is not the case. By a rearrangement of the data, 
true character of the variations were disclosed and it was seen 
this apparent variation is due to the superposition of anot 
periodic variation. The latter has an annual period with 
mmimum and maximum values just before the vernal 
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autumnal equinoxes respectively and its zeros just before the 
solstices. In amount its variation is not constant, but ranges 
from o."o4 to o."20. The cause of this variation has not yet 
been ascertained, so that it is not possible to predict with certainty 
the effects which it may produce in the future. Its variations 
during the past fifty years are known in a general way. The 
minimum value of its range was reached some time between 
i860 and 1880 and its larger value has prevailed before and since 
these dates. 

The resultant variation of latitude due to these two causes is, 
of course, their sum. When they are at opposite phases, it may 
nearly disappear and when they are at the same phase and the 
annual term at its maximum, it may amount to nearly two-thirds 
of a second. 

A rigorous formula representing the variations can not be given 
until the cause of the annual variation and its laws have been 
ascertained. Dr. Chandler has given a provisional formula, for 
the longitude of Greenwich, which closely represents the varia- 
tions of the past fifty years, and it is probable that it will approx- 
imately represent them for a few years to come. In his formula 
the first term takes account of the variation due to the 427-day 
period and the second term that due to the annual period. His 
formula, after making a slight change in it so as to make it 
applicable at a place whose longitude is X, is 

* — <^o = — o"i2 cos [X + 0.^835 (/ — r)] - r, cos (O + 10°) 
where 7" and r,, are computed by means of 

T= 2406193 + 431 E, 

r, = o."o47 + o."oo3 t + o."ooo25 t' 

and where the meanings of the symbols are as follows: <^ and <^o 
are the instantaneous and mean latitudes of the place; 7", the date 
at which the north pole of the Earth's figure passes the meridian 
of Greenwich ; /, the date of observation; t, the interval in years, 
positive after 1875; E, the number of completed revolutions 
between the date / and the adopted epoch 1875, November i; 
and the longitude of the Sun. The interval (/— 7") is to be ex- 
pressed in days. The first member <^ — <^o symbolizes the varia- 
tion of latitude at the time /. 1875, November i is the 2406193d 
day since the commencement of the Julian Period. This accounts 
for that number, it being the adopted epoch of the formula. A 
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somewhat simpler formula gives a considerably closer representa- 
tion of the observations from 1862 to 1882. It is, for the meridiaiK= 
of Greenwich, 

= — o."i 25 cos [0.^843 (/— 2406191)] — o/'o50 cos (O + 10® 

in which / is the number of days since the beginning of th 
Julian Period. 

From the smallness of these variations it will be seen that th< 
corrections to the latitude which they give will seldom need to 
considered. It is only in the most accurate work that their 
neglected will have any appreciable influence. As has been st 
above, the problem of the variation of latitude is not yet fiilly^ 
solved. The cause of the annual term is yet unexplained. The=^ 
question of the secular variation of latitude has been raised, but its - 
existence has not yet been established, and even if it is, it is not 
likely to have any very sensible influence upon the results, either 
of the engineer or of the astronomer. From an astronomical 
point of view, the variation of latitude is important not in itself 
alone but also on account of the influence it has in vitiating the 
results of the astronomy of precision. It affects almost all kinds 
of absolute measurements. Equator point, equinoctical point, 
obliquity of the ecliptic, constant of aberration, stellar parallaxes, 
and absolute right ascensions and declinations of stars, may be 
mentioned as examples. And when the systematic errors intro- 
duced by it are eliminated, a conclusion is reached which is most 
gratifying to astronomers. It is that the degree of precision 
already attained in astronomical observation is far greater than 
had hitherto been supposed. 

Stanford University, California, April 8, 1893. 



THE BRIGHT STREAKS ON THE MOON. 



By J. M. SCHAEBERLE, 



The remarkable appearance presented by the Moon*s surface, 
more particularly with reference to the great light-reflecting 
power of certain peculiarly arranged areas, has given rise to 
various hypotheses concerning the cause of these features. 

As a result of certain investigations at present under way. 
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a singularly plausible explanation has forced itself upon my atten- 
tion. As the matter is intimately connected with some results 
outlined in a ** preliminary note*' published in No. 306 of the 
Astronomical Journal, I must refer the reader to that journal for 
explanations relating to certsdn statements made in the present 
paper. 

For several years past I have repeatedly stated that apparently 
the space within the solar system is traversed by streams of finely 
divided matter, ejected from the Sun with very great velocity. 
The reasons for holding this opinion are, of course, based upon 
observation. 

Volcanic eruptions on the Moon's surface were formerly (if 
not now) a marked feature of lunar life, judging from the topo- 
graphical appearance of the Moon and the present condition of 
the parent body. 

During an eruption the local atmosphere of dust particles 
ejected from the Moon, besides retarding the velocity of a passing 
coronal stream, will at the same time be carried along with the 
stream ; but owing to the Moon's attraction, the material particles 
are deposited along an arc of a great circle passing through 
the point of eruption. 

As the Moon rotates on its axis the stream of particles will 
revolve about the local atmosphere as a center or nucleus. The 
density of the local stream will depend upon the volcanic activity 
and the momentum of the coronal stream. Volcanic matter sent 
to the greatest height will in general be carried to the greatest 
distance from the origin, which may evidently be as great as a 
whole circumference of the Moon, and, indeed, may be wholly 
removed from the Moon's direct influence. 

In this way even a single large active volcano on the Moon 
could supply enough material to render conspicuous all the 
craterlets and other depressions and elevations acting as obstruc- 
tions to a uniform distribution of particles along the path of a 
stream. On the Earth's surface such a distribution could not 
take place owing to the universal atmosphere overlying the whole 
surface to a depth of many miles. With us the meteorological 
elements, especially the prevailing winds, would, for a given case, 
almost wholly determine the final location of the volcanic dust 
particles. I have in mind the region of country surrounding 
Arequipa, to which Professor W. H. Pickering also calls atten- 
tion in writing on the same subject in No. 3111 of the Astrono^ 
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mische Nachrichten, Here hundreds of square miles of territory 
are rendered conspicuously brilliant by the enormous quantity of 
fine volcanic sand deposited in the lower places in the mountains 
to a depth of many feet, while on the plateaus thousands of mounds 
literally cover the ground, each mound containing many hundred 
cubic feet of this volcanic dust. These crescent-shaped pyramidal 
mounds are constantly undergoing a change of position without 
any considerable change from a typical form, the disturbing 
force, a slight air current, is made manifest to the observer in the 
form of delicate streams of sand, apparentiy issuing from the top 
of each pyramid, but in reality driven from the slightly convex 
side to the slightly concave surfece of each mound. Viewed 
fi*om the top of the west peak of Chachani, more than 18,000 
feet above the sea, and from 10,000 to 14,000 feet above the 
immediate surroundings, the irregularities of distant surface 
features are rendered strikingly plain to the observer, as the 
lower places are most brilliant owing to the greater light-refracting 
power of the volcanic sand there accumulated. 

This sand is not uniformly distributed or even symmetrically 
situated with reference to the probable center of discharge ; in 
all other respects I was strongly reminded of the lunar features 
in the neighborhood of conspicuous craters. 

A symmetrical distribution of volcanic sand would naturally be 
expected around a lunar crater, there being no atmosphere, but 
the great regularity and almost mathematical directness of the 
paths, and the enormous distances to which the matter (assuming 
it to be volcanic dust) is carried — hundreds of miles — calls for 
the action of another force (extraneous) to account for remarkable 
observed distribution on the Moon's surface. The same theoret- 
ical cause which acts to produce the tail of a comet will evidently, 
in a precisely similar way, produce a miniature representation 
of a comet on the Moon's surface. 

Lick Observatory, November 13, 1893. 
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THE SOLAR ECLIPSE OF OCTOBER 9, 1893. REPORTS 

OF OBSERVATIONS. 



Observations at the Chabot Observatory, by Mr. 

burckhalter. 

* * I observed the partial eclipse of October 9, by projection. 
The seeing was fair. I do not consider the method by projection 
as satisfactory as the direct method. 

Contact I. 10** 20" 24», P. S. T., A. m. 



n. 12^ 55" o' 



p. M. 



M 



Charles Burckhalter. 



[Dated] 
Chabot Observatory, October 9, 1893. 



Tme Solar Eclipse of October 9, in the State of 

Washington. 

A note from Mr. O. E. Harmon says that observations of 
tli^ eclipse were prevented by clouds at his station (Chehalis, 
"wis County), and also at the station of Professor Taylor. 
>servatory of the State University, Seattle). 



^^^CDxjNT Hamilton Observations of the Last Contact of 
"x^i^E Partial Solar Eclipse of October 9 and 10, 1893. 

The sky was overcast till about noon. The following obser- 
n of Contact II were secured : 




Obsbrvbr. 



J. 



• SCHAKBBRLB. 



Barnard 



Pac. Standard Timb. 



h. in* s« 
o 56 31.8 

o 56 39.6 



Instrumbnt. 



In focus of 4o-(cx>t photoheliograph. 
xa-inch refractor. 



Time of ton^MMf ^ Unte at last contact A large lump was visible one or two seconds longer." 



e. 



Tuck BR, Jr. 

COLTON 

Pbrrinb 



56 


32.7 


4-inch 6nder of 36-inch telescope. 


56 


2Z 


3-inch portable telescope. 


56 


33 


In focus of 40-foot photoheliograph 



Professor Schaeberle and Mr. Perrine secured seven 
tives of the last half of the eclipse with the photoheliograph. 



^ 
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CHARTS OF FAINT STARS FOR MAGNITUDE 

COMPARISON. 



By R. H. Tucker, Jr. 



During investigations at the Harvard College Observatory, to 
fix a scale of Standard Magnitudes, a series of small charts were 
made to show the reach of the 15 -inch telescope of that observa- 
tory. The charts were arranged according to the following system : 
Bright stars were selected near the equator, at intervals of about 
I**, and the chart was begun at 2" of Right Ascension following 
the bright star, extending to 6" following; with a width of 5' of 
Declination each side. So that the charts were 4™ of Right 
Ascension in length, and 10' of Declination in width. 

The original charts contain all stars seen, down to a magnitude 
estimated as 14th. These were afterwards revised, in part, at the 
Naval Observatory, with the 26-inch telescope, and more stars 
added to show the reach of that instrument. 

In August of this year I took up some of the charts, with the 
36-inch telescope of the Lick Observatory, revising and when 
iiecessary correcting the originals, and adding the stars within 
reach. The magnitudes of such stars as had already been plotted 
were in general adopted, and the new ones added were estimated 
on approximately the same scale, some falling well within the 
limits of that scale, but the greater part being fainter. These 
fainter stars were estimated as i6th and 17th magnitude. The 
power used was 350, and while no effort was made to choose 
especially fine nights, all were good. No star was entered with- 
out being distinctly seen and checked; and while it seems probable 
that from the loss of sensitiveness in the eye, having to turn from 
the telescope to a working chart, and return to check the place, 
some of the fainter stars have escaped, I believe the charts 
will contain all the i6th magnitude, and the greater part of 
the 17th. 

Since it seems sufficient for the purpose to take charts at 
intervals of two hours, thus always presenting one within easy 
reach and advantageous position for comparison, I have num- 
bered those selected in accordance with this plan; No. IX having 
the approximate Right Ascension of 18**, and No. XII that of o**. 

The accompanying charts follow the stars given below, always 



St 



18** 


1 6" 


- 2<> 56' 


20 


6 


- 1° 8' 


22 


o 


- o<> 50' 


O 


8 


+ 14" 35' 



Astronomical Society of the Pacific. 203 

by 2"; extending 5' each side of the bright star, of which the 
place for 1893 is entered in the list. 

IX. Follows 1; Serpentis 
X. '' e AquilcB 

XL ** a Aquarii 

XII. ** y Pegasi 

The scale of magnitudes is given for each two units of the 
system, the brightest type including, as well, all stars brighter 
than 8th magnitude. 

The faintest type is made up entirely of new stars added with 
this telescope, but, as already stated, some new ones fall within 
the limits of brighter types and have been so plotted. 

A few stars plotted at Cambridge were not seen at Wash- 
ington ; and a few of those on the charts as obtained by me, were 
not found here. These were most probably due to some mis- 
identification of the places, since when the region happens to 
have but few stars there is no good configuration to follow. 

These four charts contained 230 stars, after the corrections 
had been made here and missing stars omitted. The 36-inch 
telescope adds 491 to the same regions, 470 of which are esti- 
mated as 1 6th and 17th magnitude. 

The total number plotted on the four charts is 721. 

The stars on the charts fall into the following ^v^ grades, ac- 
cording to the numbers given below : 

8 and 9 7 

10 ** II 34 

12 ** 13 87 

14 *' 15 123 

16 ** 17 470 

The numbers show a large proportion of the fainter type, and 
it is probable that more of the new stars added should be included 
in the next grade above, 14 and 15. 

These charts ipay serve to show the reach of photographic 
plates, and it can safely be predicted that those containing all stars 
of the charts will include the 17th magnitude. 

R. H. Tucker, Jr. 

Lick Observatory, November 6, 1893. 
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DISCOVERY OF COMET b, 1893. 



Notes on the independent discovery of this comet by Messrs. 

RORDAME, QufeNISSET, MiLLER, JOHNSON, ROSO DE LUNA, 

Sperra, have been printed in these PublictUhmSt 1893, pages 
154-5. A full account of Mr. Sperra's observations is given in 
Astronomy and Astro- Physics^ 1893, V^%^ 757- The Committee 
on the Comet-Medal, having carefully considered the case, and 
having asked the advice of the editors of the leading astronomical 
journals, has adopted the following resolutions : 

I. That a copy of the Comet-Medal shall be struck, having the 
obverse as usual and the reverse blank, and that on the reverse of this 
copy shall be engraved the words : 

To Commemorate the Discovery of Comet b, 1893. 

II. That this Medal shall be preserved in the cabinet of the Astro- 
nomical Society of the Pacific, and no award made for the discovery of 
this comet 

III. That a copy of No. 33 of the Society's PublicaHons shall be 
sent to each of the gentlemen named above. 

Committee on the Comet-Medal. ' 

Edward S. Holden, 
J. M. Schaeberle, 
Chas. Burckhalter. 

[Dated] 

December i, 1893. 



HYDROGEN ENVELOPE OF THE STAR DM. +30°, 3639. 



By W. W. Campbell. 



One of the theories advanced to account for the presence of 
bright Hnes in stellar spectra is that such stars are surrounded by 
unusually extensive and luminous atmospheres. Though this 
theory is far from being generally accepted, it must be considered 
as a perfectly natural one, for the reason that it is practically 
identical with the accepted theory of nebulae and their bright line 
spectra. A large number of the bright line stars have been care- 
fully examined with the 36-inch equatorial and other powerful 
telescopes for the purpose of detecting possible gaseous envelopes, 
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but without success. I have just found, by a spectroscopic method, 
that the 9,5 magnitude star DM. +30°, 3639 is surrounded by an 
extensive hydrogen envelope. This star is of the Wolf-Ravet 
type; and is very rich in bright lines, about thirty having been 
accurately located. Besides the continuous spectrum, the most 
striking features of this spectrum are a bright line in the yellow 
at wave-length 5694, the bright hydrogen H/J line and a bright 
blue band at 4652. 

Now when the spectroscope is adjusted for the different parts 
of the spectrum the line at 5694 reduces to a star-like point of 
light; the blue band is quite broad, but short, and lies wholly on 
the continuous spectnim ; while the H^ line is a bright disc at least 
5" in diameter when the slit of the spectroscope is open wide, 
and a fine bright line extending a considerable distance each side 
of the continuous spectrum when the slit is narrow. The illustra- 
tion below shows the appearance of the spectrum in the vicinity of 
H^, first with open slit and second with narrow slit. 




I have examined all the other Wolf-Rayet stars visible here, 
but have found no certain evidence of the existence of other discs. 

It is possible that the disc of DM. -|- 30°, 3639 is of appreciable 
size on account of the comparative nearness of that star, and 
observations for investigating its parallax are in progress. If the 
parallax should prove to be inappreciable, the actual dimensions 
of the 5" disc must he comparable with those of many of the 
planetary nebulx. 
October, 1893. 
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NOTE ON THE VISIBLE SPECTRUM OF THE GREAT 

NEBULA OF ORION. 



By W. W. Campbell. 



It has heretofore been considered that the visible spectrum of 
the Great Nebula of Orion is fundamentally the same for all parts 
of the nebula. My observations lead to a very different conclu- 
sion, for I find that the relative intensities of the three lines at 
wave-lengths 5007, 4959 and 4862, which constitute nearly the 
whole of the visible spectrum, vary within wide limits as the slit 
of the spectroscope is moved over the different parts of the nebula. 
The brightest part of the nebula is that in the vicinity of the 
Trapezium^ for which the spectral lines have, approximately, the 
relative brightness 4: i: i. But many of the regions of medium 
brightness give a spectrum in which the first and third lines are 
about equally intense; while for many of the faint portions on the 
south and west borders of the nebula the third line is brighter 
than the first. The isolated portion northeast of the Trapezium 
surrounding the star Bond^ No. 734, yields a spectrum in which 
the third line is at least five times as intense as the first. It 
happens in many regions that of two adjacent parts in the slit at 
the same time, the first line is stronger than the third for one 
part, and the third is stronger than the first for the other part. 

The ratio of the intensities of the first and second lines appears 
to remain practically constant at 4:1. The second line is much 
fainter than the third in nearly all parts of the nebula. 

In general the hydrogen line H/3 (4862) is relatively ver>' 
strong in the faint outlying regions. It is relatively stronger even 
in the bright region around the Trapezium than in any other 
nebula I have examined, except possibly the planetary nebula 
SD. - 12^ 1172. 

October, 1893. 
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THE PLANETARY NEBULA SD. - 12°, 1172. 



By W. W. Campbell. 



This nebula was discovered by Mrs. Fleming on the Harvard 
College Observatory plates by means of its spectrum of bright 
lines, and attention was called to the fact that its H/3 hydrogen 
line is unusually bright. 

It is a beautiful object as seen in the 36-inch telescope, con- 
sisting of a 9th magnitude star surrounded by a circular disc of 
blue light nearly 15" in diameter. In the spectroscope, with open 
slit, the well-known nebular lines at wave-lengths 5007, 4959 and 
4862 are seen as circular discs, of which the last is con- 
siderably the largest in diameter. The diameters of the three 
discs were measured with the micrometer, and found to be 
about 11", 9" and 14" respectively. The relative intensities 
of the light in the three discs were estimated at 10:3:7. A 
wedge photometer of increasing darkness was moved over the 
eye-piece at right angles to the line joining the three discs; and 
the fact that the disc at 4862 disappeared before the disc at 5007 
did, proves that the latter is the brighter.^ All of the discs are 
brightest at the centers and fade away gradually as the edges are 
approached, as would be expected; but the hydrogen disc 4862 
is of much more uniform brightness throughout than the other two. 

The relative diameters and intensities of these discs are very 
important, in that they make it almost absolutely certain that 
the incandescent hydrogen which furnishes the disc 4862 forms 
the outer shell or layer of this nebula, and that the unknown 
gases which furnish the discs 5007 and 4959 must for the most 
part lie within the hydrogen exterior. 

It should be pointed out that this nebula is very near the 
nebulous regions of Orion. The hydrogen lines are relatively 
very strong in the Orimi nebula spectrum, also, and a possible 
common origin of the two objects is suggested. 

The other hydrogen lines Hy, H8 and Ha are visible in this 
spectrum, but the last two are very difficult. No other lines were 
seen with certainty. 

November 3, 1893. 
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VISIBLE SPECTRUM OF COMET c, 1893 (BROOKS). 

Bv W. W. Caiipbeli„ 

The spectrum of this comet possesses several peculiarities, 
which can be most satis ractorily explained, by means of the accom- 
panying intensity curve: 



The horizontal line in the figure is the line of reference. The 
long flat curve just above it represents the narrow continuous 
spectrum of the comet's nucleus, yielded, largely at least, by 
reflected sunlight ; and the distance of any point in that curve 

from the reference line represents the intensity of the c^mtinuous 
spectrum at that point. Similarly, the short and sharply curved 
lines represent the bright bands which cross the continuous s|>ec- 
trum at right angles and extend a very considerable distance 
from each side of it. The bright bands are yielded by the incan- 
descent gases which surround the nucleus and form the head 
of the comet. 

The yellow band at wave-length 554, the green band at 515 
and the blue band at 470 are the three hydrocarbon bands seen 
in nearly all comets. The first one of these bands presents its 
usual appearance ; but the second and third bands are narrower, 
and very much more sharply limited on their violet sides than I. 
have seen them in any other comet. Indeed, both edges of these* 
\\\Q bands are equally sharp and straight, and the edges towards^- - 
the red are not much brighter than the edges towards the violet - 

There is also a line or narrow band near 487, and anothe-«'~" 
band near 455, as shown in the intensity curve, and both edge;i^ 
of these bands are straight. 

In 1871 Hakkness* observed a very faint band at 455 ir^ 
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Encke's comet, which is possibly identical with that in the 

present comet. In 1879 von Konkoly* observed a faint band 

in Brorsen's comet at wave-length 4823; and in the same comet 

Christie and Maunder f observed the same band to be **in 

the neighborhood of the blue band of alcohol at wave-length 

4835.*' However, at about the same time, Copeland and 

LohseJ observed the brightest part of the blue band in that 

comet to be at 4696. It is scarcely possible that the band in 

Brorsen's comet is the same as that at 487 in the present comet. 

«:Ii| no other cases, so far as I know, have bands been seen in the 

^MUlity of 487 and 455. Further, I believe that in previous 

^pjwctra only one band at a time has been observed visually § in 

Jihc region 487 to 455, which in the present spectrum contains 

wee. 

H. W. Vogel's photograph of the cyanogen flame || shows 
a strong group of lines in the vicinity of 456. I think it very 
probable that they account for the origin of the comet band 455. 

The band at 487 is too faint to observe except with a wide 
slit; but it is of nearly uniform brightness, and appears to be no 
wider than the slit opening. It b probably a line rather than a 
band, and the nearness of it to the hydrogen H)3 line at 4862 
suggests that the line may be due to hydrogen in the comet 
This view is further supported by the fact that none of the recent 
investigations of the spectra of carbon compounds appear to 
locate a line in that place. But it must not be considered that the 
presence of free hydrogen in this comet is established. 

The table below contains the measures made upon the brightest 
places in the bands. The results for the first two nights are only 



* Asironomische Nachrichten^ Vol. 95, pp. 193-96. 

t Monthly Notices R. A, S., Vol. 39, pp. 428-30. 

X Montkiy Notices R. A. S, Vol. 39, p. 430. 

i In Comet fVetts, x88a, Dr. Huggins photographed broad lines near 4600 and 4700. 

I SUMungsberichte der Akad. fViss., Berlin, 1888, p. 526. 
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roughly approximate, having been obtained just as daylight was 
coming on. 



October 17. 


October x8. 


October 25. 


November 2. 


Yellow band 


Yellow band 


Yellow band 


554 


Green band 


Green band 


Green band 


515 


488 


488 


4864 


4862 


Blue band 


Blue band 


Blue band 


470 


45 


455 


455 


4557 



November 3, 1893. 



PRELIMINARY NOTE ON A MECHANICAL THEOR^ 

OF COMETS. 



By J. M. SCHAEBERLB. 



In my paper on "A Mechanical Theory of the Corona- 
written three years ago, the concluding paragraph begins 
follows : 

**The hypothesis, favored by some astronomers, that tz 
matter now revolving about the Sun in cometary orbits was or^m 
ejected from the Sun is, according to the Mechanical Theory, r^^ 
dered extremely probable, and it would not be difficult to bri- 
forward many strong arguments to support this v^iew, and 
account for many apparent changes of form in cometary matte*: 

Lately, various data (especially those given by my large cc^ : 
nal photographs of the last eclipse) have become available, ^ 
character of which is such that no apology is needed for pres^ 
ing my views on the nature of comets at this time, especially 
this new theory of comets is a strictly logical consequence of 1 
mechanical theory of the corona. 

Direct observations of the Sun's immediate surroundi T^^^ 
demonstrate the presence of masses of matter ejected from txi<? 
Sun with very great velocity. That this matter is not of a unilor*/^? 
density seems to be plainly proved by the evidence of the eclip^^ 

• 

photographs. The prominences, for instance, rise to certain 
limiting heights, corresponding to certain definite initial velociti^^ 
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of motion. The coronal streams, on the other hand, rise to 
indefinite heights, and must therefore have, in general, much 
greater initial velocities. 

Any given eruption doubtless gives rise to both prominences 
2ind streams. As the ejective force may be assumed common to 
iDOth, the mass of a given volume of a coronal stream must be 
less than that of a prominence, and this evidence is given by all 
eclipse photographs showing both forms. 

Now let V denote the velocity of a portion of a prominence 
"whose mass to a given volume is i« , and let 7/ denote the velocity 
of a portion of a coronal stream whose mass for the same volume 
is m\ then for the same ejective force /^we shall have, if atmos- 
pheric resistances are zero, 






or, . , 

m 

The individual particles going to make up the mass w, for 
-example, will not necessarily have equal masses ; but, on account 
of their proximity to each other, all are constrained to have a 
common velocity v. Similarly all the particles in the mass m' are 
forced to move with the common velocity z/. 

If now we assume the mean density of a coronal stream to be 
even as great as one-seventh of that of an accompanying promi- 
nence, the same explosive force which during the last eclipse sent 
prominence matter to a height of 80,000 miles, will send coronal 
matter forming the streams to an infinite distance. 

Each eruption, then, is sending out minute particles of matter 
with great velocity, and the solid angle of the conical surface in- 
closing them all may evidently be quite large. Aside fi'om gravi- 
tational influences these particles suffer no resistance to motion in 
space, except where they come into contact with other particles 
of matter moving in vacuo. 

If each particle moves along a normal to the Sun's surface, the 
density at any given point of a stream will vary inversely as the 
square of the distance from the Sun^s center, and inversely as the 
velocity ; but, as the velocity varies inversely as the square root 
of the distance, the density must vary inversely as the cube of the 
square root of the distance from the Sun's center. 

In the following table the velocities and corresponding densi- 
ties of a stream have been computed for various distances from 
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the Sun, assuming an initial parabolic velocity. The density near 
the Sun's surface is placed equal to unity. The unit of distance 
is the Earth's mean distance from the Sun. 





Velocity 






Velocity 




Distance. 


in miles 
per sec. 


Density. 


Distance. 


in miles 
per sec. 


Density. 


0.005 


370 


0.936 


O.IO 


82.7 


O.OIOO 


.006 


338 


.712 


.20 


58.5 


.0037 


.007 


313 


.565 


•30 


47.8 


.0020 


.008 


292 


.462 


.40 


41.4 


.0013 


.009 


276 


.387 


.50 


370 


.0009 








.60 


33.8 


.0007 


.01 


262 


.331 


.70 


31.3 


.0006 


.02 


185 


.117 


.80 


29.2 


.0005 


•03 


151 


.064 


•90 


27.6 


.0004 


.04 


131 


.041 








.05 


117 , 


.030 


I.O 


26.2 


.00030 


.06 


107 


.023 


2.0 


18.5 


.00012 


.07 


99 


.018 


3.0 


15.1 


.00006 


.08 


92 


.015 


4.0 


13- 1 


.00004 


.09 


87 


.012 


5.0 


11.7 


.00003 


O.IO 


83 


O.OIO 


6.0 


10.7 


0.00002 



The above densities refer to streams having a parabolic velocity 
for which the density becomes zero when the distance is infinite. 
I find, however, that for a certain limiting elliptical velocity (lim- 
iting only because of the Sun's rotation) the density at first 
decreases with the distance, then a gradual increase takes place 
until the densest portion of the whole stream is at the point where 
the velocity is least. Additional evidence that the coronal matter 
visible during the last eclipse was in rapid motion, is to be found in 
the observed fact that the curved returning coronal streams shown 
on my large photographs are apparently most dense in the higher 
regions. The same is true of the distribution of the prominence 
matter. 

With the foregoing principles as a basis, I now come to a new 
theory of comets which has for its foundation only the simple 
action of purely mechanical forces, and entirely independent of 
those occult forces— electricity and magnetism. 

As I shall treat the subject from a purely theoretical stand- 
point, all the statements and deductions here given refer to a 
theoretical comet produced by the theoretical causes named. 

I. A comet (theoretical) is a large meteor whose composition 
is of such a nature that certain (or all) of its constituents are 
evaporated at comparatively low temperatures. The atmosphere 
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thus formed will, on account of the small mass, always be most 
<iense on the side where the evaporation is most rapid. When 
the evaporation ceases, this atmosphere will tend to arrange itself 
symmetrically with reference to the nucleus so long as no other 
material bodies come into contact with it. Tidal effects will 
always have a tendency to cause greater or less dissymmetry 
of form. 

2. An increase of temperature, brought about both by a 
diminishing distance from the Sun and by collisions with minute 
material particles in space, will be accompanied by a corresponding 
increase in the mass of the surrounding atmosphere, due both to a 
more rapid evaporation from the nucleus and to a temporary or 
permanent capture of the colliding particles. 

3. The attraction which the nucleus exerts upon its atmosphere 
is so extremely small that each of the more distant particles of this 
atmosphere can be considered as describing an independent orbit, 
the mean of the separate orbits thus described practically coin- 
ciding with that of the nucleus. When the meteorite is very near 

_ m 

the Sun the evaporation on the Sun side of the nucleus will be 
very rapid, which combined with tidal influences may result in 
the rupture of the nucleus. 

4. The tail of a comet (theoretical) is produced both by 
the visible particles of matter originally forming the comet's 
atmosphere, and by the previously invisible particles of a coronal 
stream which, moving with great velocity, finally produce by 
repeated impact of the successive particles almost the same 
motions in the visible atmosphere of the comet as would be 
communicated by a continuously accelerating force directed away 
from the Sun. The actions on the particles of the stream result 
in a diminution of the velocity of the more advanced portions 
which now become visible through a consequent increase of 
density. A peculiarity of this mechanical accelerating force is 
that it becomes zero when the particle repeatedly struck by a 
succession of other particles finally attains the same finite velocity 
as the stream of striking bodies. 

5. As all the particles of a given coronal stream have the 
same velocity, the momentum of the heavier sets of particles will 
be greater than the momentum of those having less mass. Let 
«„ Wa, m^ nin denote th^ masses of different particles of the 
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^sxxaoL mbasiL strOce die comet's a rmi i H i Afte ; the tolal mofnentuin 
at a grven rnsranr wiE be 



A putide whose mass is «i» will pengfute die atiiio^)liere to a 
^<w*awr^ j^ belbre bGi^ broogiit to a state of rest rdativdy to the 
tmctens. Sim&uiy the particfcs whose hbseks are wl„ jw, m^ 



win erkieiidv be nearhr coocentrk:; die clistanrrs between any two 
^xatay and / bexn^ C^ir)- 

These ^mta of mcxeased den^y wiQ in projection be made 
"lawf^^gr in the ibnn of hnmnoos and neariy concentric arcs whose 
greatest briOiancv wilL in general, be near the most advanced 
part of each stratom^ and gpradually diminish in br^htness as they 
curve away to ibrm die cocnet's taiL 

6. The coronal m a t te r^ owing to its retardation, grows so 
dense that it also becomes visibie, aiKi with the comet's atmosphere, 
is finally driven into the tail by the repeated bombardment of 
unretarded IbQowii^ portions of the stream. 

It is e\'ident that the resoltii^ vdodty c^ difi^ent parts of the 
comet's tail will depend both upon the mass of each individual 
striking particle and upon the mass of the particle struck. In gen- 
eral, the coronal partides whidi have the greatest mass will after 
collision give the greatest velocity, which is gradually accelerated 
as above described until the speed again becomes so great that 
no sensible illumination results firom the scattered particles. The 
nucleus and inner portions of the atmosphere, being the most 
dense, block the passage of the particles so that the axis of the 
tail will usually have less matter than the space at some distance 
from the axis. 

To keep this note within propter bounds, further general 
considerations must be published in another form. A simple 
inspection of the figures given in the preceding table will at once 
show how greatly the factor depending upon the distance fi"om 
the Sun influences the form of a comet in general. 

The severest test of any given theory is its ability to account 
for abnormal deviations from a typical form. Some of the most 
remarkable will be briefly considered. 

Many coronal streams issue from the Sun at considerable 
angles with the normals; in space, therefore, different streams 
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will cross each other without sensibly interfering with each 
other's motions. The atmosphere of a comet, however, when 
placed at such a crossing, will evidently produce as many different 
tails to the nucleus as there are crossing streams; the angles 
between the tails being a function of the velocities of motion 
and the inclinations of the streams. 

There are several cases on record of comets having a tail 
turned toward the sun in addition to the usual appendage. I 
have examined every case known to me, and find that invariably 
at the time this phenomenon was observed the comet was 
receding from the Sun with great velocity. A coronal stream^ 
having a less velocify than that of the recedifig cornet^ will under 
these circumstances cause just such a phenomenon the moment the 
comet enters the stream. Evidently the main tail will in no way 
be sensibly affected, since the tenuity of the two coronal streams 
(one moving with greater velocity than the comet, and the other 
with less velocity) is so great that no sensible interdisturbance 
takes place. 

Owing to the orbital motion of the comet, different tails will 
result when the velocities in the tail (as a whole) at a given 
distance from the nucleus are largely and abruptly different. 
The curvature will be greatest for the tail which has the least 
velocity. If a gradual variation in the velocity results, a gradually 
broadening tail (in general more curved in projection on one side 
than on the other) will result. 

Rapid variations in the form and brightness of the comet will 
result from the lateral orbital motion of the comet with respect to 
the stream, often passing from one stream into another. A comet 
loses its tail if for a considerable time it passes from a stream of 
greater (or less) velocity, into space sensibly devoid of coronal 
matter, or into a stream having the same velocity and direction 
of motion. 

When the velocity of the particles in the more distant portions 
of the tail is much less than that of the streams, the deviation of 
the axis of the tail from the produced radius vector of the nucleus 
will become so great that fresh and unretarded streams can plough 
their way through (across) these more distant parts of the tail, 
which may result in a visible phenomenon of a striated or columnar 
structure (as actually observed by Bond and others, in Donati's 
comet) ; the axis of each column being roughly parallel to the 
direction of these coronal streams. 
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Sudden and sharply abrupt changes in the direction of a 
comet's tail at great distances from the nucleus will be caused 
whenever the tail enters another coronal stream whose direction 
of motion is coasiderably inclined to the stream passing through 
the comet's nucleus. 

A natural consequence of such motions of coronal matter is 
to deprive all bodies, of very small mass of any non-growing 
atmosphere they may have; and also to fix the limit of distance 
beyond which a body of great mass cannot retain its atmosphere. 
In this connection I would again call attention to the fact that the 
phenomenon of the **Gegenschein'' can be quite satisfactorily 
explained on this hypothesis, and that the results following from 
the capture of coronal particles by our own atmosphere lead to a 
plausible explanation of the aurora. [See December, 1 889, Eclipse 
Report, Lick Observatory.] 

This paper, as indicated by the title, is but a preliminary note 
on a theory which will be more completely discussed in the forth- 
coming ** Report on the Eclipse of April 16, 1893.'' — Reprinted 
from The Astronomical Journal^ No. 306. 



(FOURTEENTH) AWARD OF THE DONOHOE 

COMET-MEDAL. 



The Comet- Medal of the Astronomical Society of the Pacific has 
been awarded to Professor W. R. Brooks, of Geneva, New York, 
for his cHscovery of an unexpected comet on October 16, 1893. 

The Committee on the Comet-Medal, 

Edward S. Holden, 
j. m. schaeberle, 
Charles Burckhalter. 

December 16, 1S93. 
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NOTICES FROM THE LICK OBSERVATORY. 

pRHPARBD Bv Members op the Staff. 

The Rotation of the Moon on its Axis. 
[From Young's General Astroitotny. 18S9, page 154.] 
The Lick Observatory regularly receives letters of inquiry 
relating to the question of the Moon's rotation; and in reply 
regularly refers the inquirer to Young's General Astronomy, as 
above. It will probably not be thought a waste ol space to 
reprint the two paragraphs and figures referred to. The essence 
of the question is contained in the second paragraph — the defini- 
tion of rotation. E. S. H. 




ROTATION OF THE MOON. 

' ' The moon rotates on its axis once a month, in precisely the 
same time as that occupied by its revolution around the earth. In 
the long run it therefore keeps the same side always towards the 
earth: we see to-day precisely the same face and aspect of the 
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mooa as Galileo did when he first looked at it with his telescop -^^ 
and the same will continue to be the case for thousands of ye:^^^ 
more, if not forever. 

It is difficult for some to see why a motion of this sort shoc::;^; 
be considered a roUUion of the moon, since it is essentially 1^^ ^^ 
the motion of a ball carried on a revolving crank. See Fig. ^ — , 
Such a ball, they say, ' revolves around the shaft, but does iri<jf 
rotate on its own axis.' It does rotate however. The shaft befn^ 
vertical and the crank horizontal, suppose that a compass need/e 




be substitutL-d fur the ball, as in Fig. So. The pivot turns under- 
neath it as the crank whirls, but the compass needle does not 
rotate, maintaining always its own direction with the marked end 
north. On tlie other hand, if we mark one side of the ball (in 
the precetling figure), we shall find the marked side presented 
successively to every point of the compass :is the crank revolves, 
so that the ball as really turns on its own axis as if it were whirling 
u]ton a pin fastened to a table. The ball has two distinct r 
by virtue of its connection with the crank : first, the r 
tr^mslation. which carries its center of gravity, like that of the 
compass needle, in a circle around the axis of the shaft ; secondly. 
an additional motion of rotation around a line drawn through its 
CfiUei- of gravity pantile! to the shaft. 

DKFISITION Ol' UOTATION. 

A body ■ rotates ' wheiiexer a line itrawn from its center of 
gravity out'.^'ard, Ihroiii^h any point selected at random in its mass, 
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describes a circle in the heavcfis. In every rotating body, one 
such line can be so drawn that the circle described by it in the 
sky becomes infinitely small. This is the axis of the body. 
Another set of points can be found such that lines drawn from the 
center of gravity outward through them describe a great circle in 
the sky 90^ distant from the point pierced by the axis, and these 
points constitute the equator of the body." 

Scientific Visitors to the Lick Observatory. 

(Dr. S. P. Langlev, Prof Violle, Colonel Defforges, Mr. Sbrviss, 
Doctors LuMMER, KuRLBAUM, Pringsheim, Lindeck and Wedding.) 

During September and early October we have had the pleasure 
of visits from many astronomers and physicists of distinction. 
Dr. Langley, Director of the Smithsonian Institution was with 
us for several days ; Colonel Defforges made a determination 
of the force of gravity here (the fourth dermination: see these 
Publications, Vol. I, p. 125; III, p. 282; IV, p. 266) and was 
accompanied by Professor Violle; Mr. Serviss, Director of 
the American Urania^ Doctors Lindeck and Wedding were 
here for short times; and Doctors Lummer, Pringsheim and 
KuRLBAUM came as representatives of the Reichsanstalt. The 
Astronomical Congress of Chicago has done the Lick Obser- 
vatory a great service by sending some of its delegates here for 
an additional and informal session. £. S. H. 

Stability of the Great Equatorial, 1888- 1893. 

Observations for the position of the great telescope have 
been made by Messrs. Schaeberle, Keeler, Campbell and 
Tucker as below: 



1888, July 27, azimuth = -j- 36" 



level = 8" too low. 



*' = 36 ** ** 



•* =114 " " 



1889, May 18, ** = 

Sept. 16, *• = + 83 

1890, Aug. 23, ** = (+54) 
Telescope adjusted. 

1 89 1, June 30, azimuth = ; level = 35" too low. 

Holding-down bolts tightened. 

1892, Aug. 5, azimuth = -j- 51"; level = 25" too high. 

1893, Sept. 23, - = + 48"; ** = 57" ** low. 

£. S. Ix. 
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Brilliant Meteors (September 30 and October 2, 18^ ^j. 

Healosburg, September 30. — ** A meteor, apparently trx^'ce 
as large as the full moon, passed from east to north at 7 : 1 5 o' clock 
to-night, bursting into fragments above the mountains to the^ 
westward. It burned with a g reen light, leaving a brilliant trail. '^ 

Walla Walla (Wash.), October 2. — "A meteor of extra- 
ordinary brilliancy startled this community at 7 : 40 this evening, 
passing from the zenith northward to the horizon. It illuminated 
the heavens like a blinding flash of lightning. It was preceded 
by a rushing sound, and divided into two parts just before reach- 
ing the horizon.** 

A Useful Map of the Moon. 

The most useful map of the Moon for general purposes, 
which I have seen, especially for quickly finding and identifying 
lunar formations, is the wall-map of M. C. M. Gaudibert, 
drawn by M. Fenet and edited by M. Flammarion. The craters 
are numbered on the map and a list on the margin gives their 
names in the order of the numbers. An alphabetic list of names, 
giving the number alongside, would be a useful supplement. 

The diameter of the Moon is about 25 English inches. The 
price of the map is $2.50. E. S. H. 

The Bruce Photographic Telescope. 

*' The Bruce photographic telescope, which has so long been 
in process of construction at Alvan Clark & Sons', Cam- 
bridgeport, will soon be set up at the Cambridge Observatory, 
and will probably be in operation in the course of a month, says 
the Boston Tianscript. Its completion will mark a new epoch in 
this branch of science, as it is the largest and is thought to be 
the most powerful instrument of its kind which has yet been set 
up. The base and operating machinery are already in place at 
Cambridge, and the tube and lenses, although still at Clark's 
works, are practically completed. It is expected that with this 
instrument stars can be photographed which have never been 
seen through the most powerful visual telescopes in the world. 

The instrument differs from the ordinary large telescope in the 
construction of its object lens. The photographic telescopes 
commonly in use differ but little from an ordinary visual telescope, 
with an arrangement for the reception of a photographic plate. 
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This instrument, however, in place of the ordinary lens, composed 
of two pieces of glass, has a compound lens made of four pieces, 
wrhich resembles the portrait lens used by photographers. The 
objective is of 24-inches aperture, and the focal length of the 
tube is II feet. Two smaller instruments constructed on this 
plan are already in the possession of the Cambridge Observatory, 
one at Cambridge, and the other in Peru, and have given the 
greatest satisfaction. They are both of 8-inch aperture, and with 
them it has been found possible to photograph stars which were 
not visible through a 15-inch visual telescope. It will therefore be 
seen that if the new instrument now being constructed should 
l)e powerful in the same ratio it will exceed in power a 45-inch 
"telescope of the ordinary kind. As the largest one at present 
in use is the Lick telescope, which is of 36-inch objective, and 
t:he largest anywhere near completion is the great instrument for 
the University of Chicago, with a 40- inch lens, it is feir to suppose 
that the Bruce instrument will photograph stars which can be 
seen through neither of these. This instrument is superior to 
the ordinary one, not only in power, but in the extent of sky 
which can be taken upon a single plate. The ordinary telescope 
will cover only about 4 degrees at a single exposure, and as there 
are 40,000 degrees in the whole expanse of the heavens, 10,000 
plates would be necessary for a complete report of their whole 
area. The new telescope will cover six times the area, and will 
take the whole heavens in 1600 photographs. These photo- 
graphs, when taken, will not only show many hitherto unknown 
stars, but will be a Valuable and indisputable record of the state 
of the heavens at the time that they were taken. The whole 
series could be completed in about a year's time, but it will 
probably be longer than that before it is finished, as the telescope 
will be used for other purposes in the meantime. 

The building in which the telescope will be placed stands at 
the back of the main building of the observatory at Cambridge. 
The base is already in position, as is the fork which is to receive 
the tube when ready. It looks somewhat like a gigantic timing- 
fork slanting upward at a slight angle. Beneath it is the delicate 
machinery, run by clockwork, which will direct the telescope to 
any part of the heavens. Near by is a good-sized brick building 
which has been built specially for the reception and storage of the 
plates and photographic appliances. On the second floor of this 
building is the storage-room for the plates. Two large cabinets 
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run through the center of the room, and are divided into com- 
partments, each capable of holding loo plates. There are 120 of 
these compartments, so that each cabinet will hold 12,000 plates. 
One is devoted to the photographs taken at Cambridge and the 
other to those taken in Peru. The plates taken by the new in- 
strument will be larger, so that a cabinet with larger compartments 
has also been prepared, which will hold the result of about a 
year's work. 

The new telescope is the gift of Miss C. W. Bruce, of New 
York. It will remain at Cambridge until its capabilities have been 
thoroughly tested, which will probably be in two or three years, 
and then will be shipped to its ultimate destination in Peru. Here 
it will be set up on a hill near Arequipa, where the South 
American branch of the Harvard Observatory is located. — 
Chicago Inter- Ocean, October 10, 1893. 

Monument to the late Richard Anthony Proctor. 

Mr. Proctor died in New York City in 1888, of yellow fever, 
and was buried in Greenwood Cemetery, in an unmarked grave. 
Some of his personal friends in New York proposed to mark his 
tomb in a suitable manner, when Mr. George W. Childs, of 
Philadelphia, undertook to bear the whole expense of such a 
memorial. A committee took the matter in charge, and in October, 
1893, ^^ monument was erected and suitably dedicated. A 
brief account of the ceremonies has been printed, and copies can 
be obtained from Mr. William J. Bok, No. 23 Park Row, 
New York. E. S. H. 

The Cordoba Durchmusterung, — 22° to — 32°. 

**Dr. John Thome, the Director of the Argentine National 
Observatory, is to be congratulated upon the publication of the 
Cordoba Durchmusterung catalogue, containing the brightness 
and position of every fixed star, down to the loth magnitude, 
comprised in the belt of the heavens between 22^ and 32° of 
South Declination. The results are a continuation of the Durch- 
musterungen of Argelander and Schoenfeld from their 
southern limits. In the present volume 179,800 stars are cata- 
logued, but altogether, the places of 340,380 stars have been 
determined down to —42° The observations for this great 
catalogue were begun in 1885 and ended early in 189 1, They 
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reach the enormous number of 1,108,600, and were made 
entirely by Mr. Thome and Mr. R. H. Tucker. The area over 
which the observations have extended is 6075® of a great circle, 
hence the mean density of stars is 56. 2 stars per square degree. 
The corresponding mean density for Arge lander ( + 90® to 
^ 2® ) is 15.2, and for Schonfeld (— 2® to — 23°) 18.5. The 
density varies considerably, however, in different parts of the sky, 
and ranges from 70 to 160 stars per square degree in the Milky 
Way. Mr. Thome says that a series of twelve maps, each em- 
bracing 2** of Right Ascension and 20° in Declination, has been 
constructed upon the scale adopted by Argelander, and will 
be issued during next year with the second volume of the cata- 
logue, containing stars within the belt from 32^ to 42^ of South 
Oeclination. The construction of these maps, and the prepara- 
tion of a catalogue like that of which the first part has just 
'"cached us, involves an enormous amount of labor. Indeed it is 
<Jifficult to understand how, amidst the vicissitudes to which an 
ol>servatory in the Argentine Republic must be subject, and with 
^*-*^^h a meagre staff as that under Mr. Thome's direction, it has 
^^^o possible to do so much excellent work." — Extract from 
'^^^^^^^m^re for August 24, 1893. 



^ew Astronomical Periodical (Popular Astronomy), 



le following is the title page and contents of No. i of the 
journal issued by Professor Payne : 

'€JLAR Astronomy, ** By the Word of the Lord were 
"tl^e Heavens Made." A new Astronomical Periodical, de- 
^i^^ed for Amateurs, Teachers, Students of Astronomy and 
I^opular readers. Plainly worded and untechnical in lan- 
^Tviage. Amply illustrated. Issued monthly except July 
^-nd September. Subscription price $2. 50 in advance ; for 
^reign subscribers 14 shillings. 

'intents for September ^ i8gj, — Frontispiece (Plate I), The 

^^^^^K:>n ; Constellation Study (introductory), Winslow Upton, 

^ * The Spectroscope and some of its Applications (illustrated), 

l^^^s E. Keeler, 9; The Moon, Wm. W. Payne, 16; The 

^^^^^roids and their Relation to the Planetary System, Daniel 

'^^H.KwooD, 19 ; Concerted Observation of the Aurora, M. A. 

^^BiDER, 22 ; Jupiter's Comet Family (Plate II), Wm. W. 

^^Vne, 25; Astronomy with. a Small Caipera, H. C. Wilson, ^0 
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26; Nebula and Comet Seeking, Lewis Swift, 30; A Lesson 
on Harvest Moon, Eliza A. Bowen, 32 ; Shooting Stars : 
How to Observe Them and what They Teach Us, W. F. 
Denning, 34 ; The Face of the Sky, 38 ; Planet Notes, 39 ; 
Planet Tables, 40 ; Comet Notes, 44 ; General Notes, 45 ; Pub- 
lisher's Notices, 48. William W. Payne, Charlotte R. 
WiLLARD. Messrs. Wm. Wesley & Son, London, England, 
sole foreign agents for Popular Astronomy, 

Comparison Stars to Eucharis (181). 

The stars following, used for micrometer comparison with 
Eucharis (181), were observed with the meridian circle in October, 
the mean epoch being 1893.79. 



L. 0. No. • 


A. R. 1893.0. 


Dccl. 1893.0 


S. D. 


Mag. 


22 143 I 
221655 
221951 


h. m. s. 
22 14 8.49 

22 16 32.81 

22 19 29.13 


/ // 
— 18 4.1 

-17 13 31.0 

-16 43 52.6 


6103 

6504 
6080 


85 
8.9 

9.5 



Each star has been given three observations, and the last one 
was also observed once with bright wire illumination. 

R. H. Tucker, Jr. 



40-INCH Refractor of the Yerkes Observatory. 

A cut of this instrument is given in the frontispiece of the 
present number printed from an electrotype kindly furnished by 
Professor Payne, editor of Astronomy and Astrophysics, 

The following statistics will be of interest : 

*'This instrument, exhibited at the World's Fair in the center 
aisle of the Manufacturers and Liberal Arts Building, is the largest 
refracting telescope in the world. It is the gift of Mr. Charles 
T. Yerkes to the University of Chicago. The column and head, 
of cast iron, rise to a height of 43 feet, and weigh 50 tons. The 
polar axis, of steel, is 15 inches in diameter, i^yi feet long, and 
weighs 3^ tons. The declination axis, also of steel, is 12 inches 
in diameter, 1 1 y^ feet long, and weighs i >^ tons. The tube is of 
steel, 64 feet long, and 52 inches in diameter at the center, taper- 

• See FubHcations A. S. P„ Vol. II, page 307, 
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ing towards the ends ; its weight is 6 tons. The driving-clock, 
weighing i )^ tons, is located in the upper section of the column ; 
it is wound automatically by an electric motor and is controlled 
by a double conical pendulum ; it is geared to the main driving- 
wheel, 8 feet in diameter, which, when clamped to the polar axis, 
revolves it, together with the tube and all its accessories, all 
weighing 20 tons, in exact sidereal time. All quick motions, slow 
motions, and clamps, both in Declination and Right Ascension, 
are operated by hand, and also by electric motors controlled by a 
switchboard placed within easy reach of the astronomer. The 
assistant astronomer likewise has full control of all motions from 
the balcony which surrounds the head, and which, together with 
the clock, is reached by the spiral staircase. The total weight of 
the telescope is 75 tons.*' Warner & Swasey. 



A New Star in the Southern Sky. 

A telegram from the Harvard College Observatory announces 
that a new star was discovered on October 26 by Mrs. Fleming 
(on a photographic plate). Its position is 

R. A. = 15** 22" i6». Decl. = — ^d" 14'. 

Its magnitude was 7.0 on July 10, 1893. Subsequent letters 
from Professor Pickering say that 13 plates of this region were 
taken in the years 1889 to 1893 ^^^ ^^^ ^^^ plate of July 10 is 
the first one on which the Nova appears. ''Its spectrum is 
identical with that of Nova Auriga^ E. S. H. 

November 5, 1893. 



Geological and Solar Climates. 

Under the above tide Dr. Marsden Manson has publbhed 
a thesis, issued by the University of California, of more than 
ordinary merit. Geologists tell us that large areas of now densely 
populated regions of the earth were at one time covered with ice 
to a depth of many feet. To most scientists the explanations 
hitherto given, to account for the cause of the so-called Glacial 
Epochs seem wholly inadequate. Dr. Manson' s treatment of the 
problem is unique, and to many it will appear quite convincing. 
We do not hesitate to recommend it for careful study to those 
interested in astro-geological physics. J. M. S, 
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California Midwinter Fair. 

An International Fair is to be held in San Francisco, in the 
Golden Gate Park, beginning January i, 1894. The Lick 
Observatory will make a full exhibit of astronomical pictures 
and transparencies. It is expected that Harvard College 
Observatory, the Physical Laboratory of Johns- Hopkins Uni- 
versity, etc., will send representative photographs, etc., for 
exhibition. 

. We shall be very glad to take charge of the exhibits of 
Eastern or European observatories which may be consigned to 
us, and to see that they are suitably displayed. They should 
be sent to San Jos6, in the care of the Lick Observatory, and 
they will be forwaided from here along with our own boxes. 

Edward S. Holden. 



Completion of the New Dudley Observatory. 

On the 7 th of this month invitations were issued for the 
inspection of the new building and equipment of the Dudley 
Observatory at Albany. 

The old location of the institution was unfavorable for 
astronomical work in several particulars, made so in part by the 
growth and extension of the city. Situated on the northern 
boundary, all observations in the south, where the greater part 
of the work is carried on, were made directly across the longest 
extent of the city. The myriads of chimneys, both factory and 
dwelling, not only obscured the air with smoke, but produced 
great waves of warm air, rising during the early night between 
the telescope and the sky. 

The tracks of the New York Central pass the hill on two 
sides, having four sets of rails, on which there is the heaviest 
character of traffic. There seems to be a layer of rock, extending 
from beneath the old observatory to a point of the railroad, not 
perhaps the nearest to the building, and which communicated the 
vibrations produced by trains, with great force. 

These were especially noticeable when heavy freight trains 
were coming down the grade, with brakes locked, a sliding 
rather than rolling motion. A nadir observation was usually 
impossible at these times. When the same trains were ascending 
on the way west, besides the pounding of the wheels of three or 
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four locomotives at once, there was the dense volume of smoke, 
unconsumed as forced under heavy draught from the stacks, 
rolling often into and through the observing rooms. 

The location had been of late years most inconvenient for a 
permanent home for a family. One of the worst quarters of the 
city had grown up about the foot of the hill, and had at least to 
be skirted by any one going to the observatory. No perfectly 
available road had been constructed to the grounds; there were 
times when a cart could enter, by a long detour from *the center 
of town, but the trails were rarely long enough in repair to be 
used for carriages. 

For the assistants of the observatory, unhampered by ties 
which are generally considered to make life attractive, aside from 
professional duties, and being in vigorous health as a rule, it was 
not so difficult. The walk of from a mile to a mile and a half to 
find a boarding house was in some respects even beneficial, though 
in the deep snows of the severe Albany winter or during heavy 
rains it was not altogether agreeable. The unsheltered walk up 
the hill, the last part being made easier by slats nailed to the 
planking before reaching the steps at the top, was not the 
place to loiter in the hot summer days. It was best to get over 
it quickly. 

The slats and even the planking used to disappear, in part 
for the use of the neighbors of the quarter I have spoken of, or, 
in winter, to make way for coasting for their boys. In this last 
case it was safer to step aside into the snow rather than stand 
upon one's dignity, to have it carried away with the remains of 
one's temper by some swiftly descending cutter. 

One's best effort can hardly be given unrestrainedly to 
astronomical work unless the conditions of living shall be an 
approach at least to those usually met with. Much that made 
connection with the observatory pleasant in the old days came 
from the whole-hearted and interested efforts of the Director 
and his family. They made the work stimulating to the point 
of overlooking all trifling hardships in comparison with the inner 
life of the observatory. 

One of General Mitchell's sons, in giving an account of his 
father's life, tells of long evenings spent on the high veranda of 
the observatory dwelling overlooking the valley of the Hudson 
and the river and hills beyond; since then others have gathered 
there and waited for the fading of the long summer twilights. 
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The observatory building, framed by trees on its summit, was 
impressive in its quiet and unique isolation, so near a great 
centre of life. 

The new observatory is built in an unimproved portion of the 
City Park, and has nothing within reach that will interfere with 
good conditions for observing. The neighborhood will be in 
the future the residence part of the city, but the observatory will 
always command the needed isolation. It is accessible by electric 
tram, within easy walking distance, and has improved equipment, 
of which mention has already been made in this journal. 

The change of site has only been accomplished after long 
effort, deferred more than once when it seemed as if to be 
realized. The successful establishment of the new Dudley is a 
gain to the science to which it is dedicated and a just reward to 
the energy and ability which have made it possible. 

R. H. T. 



Portrait Medallion of James Lick. 

A bronze portrait medallion of James Lick, made by Mr. F. 

M. Wells, in 1888, has been sent to the Lick Observatory by 
the Lick Trustees. It is mounted on the wall of the main 
vestibule, facing the principal entrance, over a bronze tablet with 
the inscription: 

Lick Astronomical Department 

OF THE 

University of California. 



Star Spectra in which Two or More of the Hydrogen 

Lines are Bright. 

In Astronomische Nachrichtcn, No. 2963, Espin called 
attention to the fact that the H/3 hydrogen line is very bright in 
<^ Persei. Shortly afterward I examined the spectrum of that 
star and found Ha to be very much brighter than H/3, as it is at 
present. I supposed the bright Ha line was well known, but am 
unable to find any statement that it has been observed by others. 

Professor Pickering and Mrs. M. Fleming have announced 
in various places that the Draper Catalogue photographs show 
the Hy3 line to be bright in the stars i/^ Persei, it Aqtcarij, k 
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DraconiSj v Cygni^ v Sagiiiarii, x Ophiuchi, and Cord. Genl. 
Catal. 7 191. I have examined the spectra of all these stars, and in 
every case the Ha hydrogen line is bright and very much 
easier to observe than the H)3 line. The hydrogen lines in the 
violet of these stars are probably dark, for the most part; but 
photographs of the region Hj8 to H8 of some of these stars show 
peculiarities of considerable interest, and make a detailed investi- 
gation desirable. Thus, in <^ Persei the Hy and HS lines consist 
each of two narrow bright lines about four tenth-metres apart 
upon a background but slightiy darker than the ordinary 
continuous spectrum. In v Cygni H)3, Hy and HS consist of 
narrow bright lines upon broad and nearly dark backgrounds. 

Miss A. C. Maury found from the Draper Catalogue plates 
that H)3 and possibly Hy in the spectrum of Pleiane consist each 
of a narrow bright line on a dark background. The Ha line is 
bright in this star. Other observers have possibly called attention 
to that fact, but I am unable to find any such reference. 

Qualitative investigations of these spectra cannot be made 
advantageously by photography with the 36-inch telescope, owing 
to the large chromatic aberration of the great lenses in the blue 
and violet. W. W. C 

October 19, 1893. 

Preliminary Determination of the Eccentricity of the 

Repsold Meridian Circle. 

A series of readings was taken upon the east circle, the fixed 
one, on November 18. The series consists of readings, each 30®, 
beginning at the nadir setting, through 360°; then reversing the 
order of settings back to the starting point. 

Denoting by c, the reading of the circle at microscope H, the 
correction for eccentricity for each microscope will be represented 
by the following: 

For Micros. H ^ = 2''. 85 sin {c + 243** 45') 

G e= 2''. 85 sin {c + 153^ 45') 

F ^ = 2''.85 sin (r + 63^45') 

E ^=2''.85sin(r + 333%5') 

The correction for runs was applied to each microscope; and 
the position of each, with reference to the mean of four, was taken 
out from the whole series. 

Since the change for any one of the four did not much exceed 
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o^^I, this has been neglected in making a comparison of the 
original readings, with the same corrected for eccentricity. TWs 
being done for each microscope, the residuals of the readings 
upon the same circle divisions under different microscopes give 
an indication of the errors of division. These are found to be 
sometimes as large as o".6, and, on the average, o''.3. 

The error of division for the mean of four microscopes, on the 
settings used, does not appear to exceed o". i on the average. 
The comparison of the undividual readings corrected for eccen- 
tricity, gives for the probable error of the reading upon a single 
microscope ±: o".25, which is larger than that usually found in 
making comparisons by other means. R. H. T., Jr. 

The Dallmeyer Lens of the Eclipse Expedition. 

In No. 31 of the A, S, P, PubliccUionSi under the heading, 
"Acknowledgments,** the name of Hon. Wm. M. Pierson 
should have been included in the list of those who had materially 
aided the expedition. 

Mr. Pierson*s practical interest in astronomy is well known 
to Californians. From his private observatory he furnished the 
expedition with the excellent Dallmeyer lens of 6-inches 
aperture with which such valuable eclipse negatives were secured. 
The same lens was also used in several series of observations for 
determining the photographic absorption of light rays by our 
atmosphere at the altitude 6600 feet. 

A number of long-exposure photographs of interesting celestial 
objects visible in the southern sky were also secured with 
Mr. Fierson's lens. J. M. S. 

The Observatory on Mont Blanc. 

The construction of a small observatory on Mont Blanc for 
the venerable astronomer, M. Janssen, of Meudon, France, a 
work of very great difficulty and danger, has progressed satis- 
factorily the past summer. The foundation has been firmly 
fixed in the snow and ice, and the building is practically 
enclosed. From a recent publication of the French Academy 
we learn that M. Janssen visited the new observatory in 
September, and was able to make a spectroscopic observation 
of great interest. It related to the question of oxygen in the 
atmosphere of the Sun. One of the most striking features of the 
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solar spectrum is the B group of absorption lines, near the red 
end of the spectrum. In addition to the complex head of the 
group there are thirteen or fourteen double lines whose intensities 
decrease as the distance of the doublets from the head increases. 
These lines owe their origin to oxygen absorption; but the 
question has been, is the absorption due to oxygen in the solar 
atmosphere or in the Earth's atmosphere. If the latter, then the 
lines should not be so prominent if observed at a station of great 
altitude. M. Janssen states that at the station, Chamonix, 
altitude 1050 metres, the thirteenth doublet is seen with great 
difficulty; at Grands- Mulcts (3050 me^es) only eleven or twelve 
doublets can be seen; while at the summit of Mont Blanc only 
eight can be seen with certainty. The conclusion to be drawn 
from these observations is that the B group of absorption lines 
would not be visible to an observer at the upper limit of our 
atmosphere, and therefore owes its origin to the oxygen in our 
own atmosphere. 

M. Janssen is also of the opinion that the prominent groups 
A and a are of terrestrial origin, and would disappear at the 
upper limit of our atmosphere. 

There is a wide field of useful work before the Mont Blanc 
observers, and astronomy is again indebted to the generosity of 
M. BiscHOFFSHEiM, who is defi*aying a large part of the expense 
of construction and equipment. We trust that the difficulties of 
life on the summit may not impose very narrow limits upon the 
investigations to be undertaken. W. W. C. 

The SpfeCTRUM of Alcyone iy\ Taurj). 

The spectrum oi Alcyone is always classed as Secchi's type I, 
or A, as in the Draper Catalogue; that is, a spectrum containing 
dark (and usually rather broad) hydrogen lines. I have observed 
this star visually, and found the Ha hydrogen line to be bright. 
It is not very intense, but in good seeing is easily visible with the 
36-inch telescope. There is a narrow dark line in contact with it 
on the side of smaller wave-length, and possibly a still finer one on 
the side of greater wave-length. I do not think this line can be 
seen with a 12-inch telescope. 

A photograph of the portion of the spectrum between H/3 and 
K shows H)3, Hy, H8 and H to be dark, as was expected, and a 
few additional fine dark lines. W. W. C. 

September 7, 1893. 
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Wave-Lkngths of the Principal Line in Nova Aurice's 

Spectrum. 

The table below contains all the wave-lengths of the chief 
nebula line in Nova Auriga^ s spectrum obtained thus far, 
together with the corresponding velocities of approach in miles 
per second: 



Date. 


W.-L. 


Velocity. 




1892, Aug. 20 


5003.6 


-128 




. 21 


3.7 


125 




22 


3.7 


125 




23 


3.1 


147 




30 


2.4 


173 




Sept 3 


2.4 


173 




4 


1.9 


192 




6 


2.1 


184 




7 


1.9 


192 




15 


2.2 


180 




22 


2.5 


169 




Oct. 12 


3.6 


128 




19 


3.8 


121 




Nov. 2 


4.4 


99 




3 


4-7 


87 




9 


4-4 


99 




16 


4-9 


80 




17 


4-9 


80 




24 


4.5 


95 




1893, Feb. 10 


6.2 


30 




14 


6.1 


33 




27 


5-7 


51 




Mch. 26 


5-2 


69 




May 9 


5.3 


65 




Aug. 6 


6.0 


41 




Sept. I 


5-6 


55 




Oct. 10 


6.1 


-36 








W. W. 


c. 



Researches upon Comet 18S9, V. 

Dr. Charles Lane Poor's mathematical discussion of th< 
orbit of Comet 1889 V, recently published in The Astrono??nca 
Journal shows it to be an orbit of unusual interest. This come 
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was discovered by Brooks in July, 1889. Dr. Chandler 
found that it was then moving in a small elliptic orbit whose 
period was a littie more than seven years, and pointed out that 
in 1886 it passed so closely to the planet Jupiter that its orbit 
must have been radically changed. By eliminating the action 
oi Jupiter m 1886, Dr. Chandler concluded that before 1886 
the comet moved in a large ellipse whose period was about 
twenty-seven years. It also appeared that there must have been 
a very close approach to Jupiter in 1779. Now Lexell's 
periodic comet 1770 II was not seen after the year 1770, pre- 
sumably for the reason that in 1779 it approached Jupiter more 
or less closely, and its orbit probably underwent considerable 
change. Dr. Chandler compared the orbit of the lost Lexell 
comet after I'j'jf) with that of Comet 1889 ^ before 1886, and 
found * * an overwhelmingly strong presumption in favor of the 
identity of the two comets." 

Dr. Chandler's interesting results were published in 
November, 1889, a year before the comet was lost to sight. 
Dr. Poor's computations are based upon the completed 
observations. 

In regard to the near approach of the comet to Jupiter in 
1886, Dr. Poor finds that ** the comet not only passed through 
the system oi Jupiter's satellites, but it actually passed within the 
orbit of the first satellite, whose mean distance is 5.93 radii of the 
planet. * * * We are safe in saying that the comet passed 
the center oi Jupiter at a distance not greater than 3. 63 and not 
less than i.oo radii of the planet. In other words, the center of 
the comet may have touched the surface of Jupiter ^ and it cer- 
tainly approached that surface to within 2.63 radii of the planet, 
or only 1 12,300 miles. Even this latter is a very small quantity. 

**For the most probable hypothesis, * * * the comet 
was 2.65 days within the system of Jupiter's satellites, and 
during this time it made nearly a complete circuit about the 
planet, passing over an arc of 313° of longitude. The comet 
entered the Jovian system in longitude 118° on July 18.77, 
passed the planet on July 20.10 at a distance of only 2.28 radii, 
and July 21.43 '^^ ^^ system in longitude 71®. During this 
time it must have collided with one or more of the satellites.*' 

Dr. Poor finds that the period of the comet, previous to 
1886, was between the limits 32.60 and 30.17 years. Now 
Lexell' s lost comet was disturbed by Jupiter in 1779 in the 
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same part oi Jupiter^ s orbit that the planet and Comet 1889 V 
were in July 20, 1886. The interval between these disturbances 
is 107 years. The period of Comet 1889 V being about 31 
years, which is not an aliquot part of 107, that comet could not 
have been near Jupiter in 1779, unless it suffered other and 
serious disturbances in the intervening years. Such disturbances 
did take place in 1827 and 1791, but they were of such a nature as 
to leave very serious doubts whether the comet was n^zx Jupiter in 
1779, a condition absolutely necessary to establishing the identity 
of the two comets. 

Dr. Poor concludes that the vexed question of identity 
cannot now be answered, but we must await further observations 
of the comet at its reappearance in 1896. He promises in another 
paper to discuss the question of the disruption of the comet while 
va Jupiter's system, and of the possibility of a portion of it being 
permanendy drawn into the system to form a new satellite. 

w. w. c 



The Parallax of the Planetary Nebula DM. 

+ 41°, 4004. 

Dr. J. WiLSiNG, of the Potsdam Astro- Physical Observatory', 
has determined the parallax of Webb's planetary nebula DM. 
+ 41°, 4004 by the photographic method. F'rom June, 1892, to 
June, 1893, 102 exposures of eight minutes each were made 
on the region of the nebula. The distances of the nebula from 
two eleventh magnitude stars were accurately obtained from all 
the plates, and a combination of the data gave as the most 
probable value of the parallax of the nebula relative to one of 
the stars 

TT = — o''.o8; 

and relative to the other star 

TT ^ — o". 17. 

The fact that the relative parallax comes out negative indicates 
that the distance of the nebula from our solar system is probably 
greater than that of the two eleventh magnitude comparison stars. 
This is the first nebula parallax to be investigated photo- 
graphically. Dr. Wilsing's paper is published in Astronomische 
Nachrichicn, No. 3190. W. W. C. 
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Comet c 1893. 

This comet was discovered on the morning of October 17, by 
Mr. William R. Brooks of Smith Observatory, Geneva, N. Y., 
in the constellation Virgo, It was observed here the next 
morning, and is still under observation. For several days after 
discovery it increased rapidly in brightness, until, on October 21, 
it was nearly visible to the naked eye, and its tail was easily 
traced two or three degrees, even with the bright zodiacal light 
for a background. Since then it has grown somewhat fainter, 
but is still a conspicuous object in a telescope. 

Professor Porter, of Cincinnati Observatory, has computed 
an approximate orbit of the comet. It was nearest to the Sun 
about September 21, at a distance of 0.83 of the E^arth's mean 
distance from the Sun. 

Thus far the comet has moved eastward about 1° 30' per day, 
and northward about 45' per day. It promises to remain in good 
position lor observing for a considerable time. W. W. C. 

November 11, 1893. 

New Quarters for Astronomers at Mount Hamilton. 

A contract has been signed providing for the erection of two 
brick houses to be used as quarters for Messrs. Barnard and 
Campbell. The houses are to be finished by July i, 1894. 
The sites selected afe about 1000 feet south of the Great Dome. 

K. S. rl. 

Erratum in Publication 31. 

Page 141, line 31, for ** fourth quadrant" read ** third 
quadrant." 
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Minutes of the Meeting of the Board of Directors, 

HELD AT the ChABOT OBSERVATORY, NOVEMBER 25, 1 893. 

President Molera presided. A quorum was present. The minutes 
of the last meeting were approved. 

The following members were duly elected : 

List of Members Elected November 25, 1893. 

Mr Wai tm Ckamp / "^ ^^"^ V^^ya.^ Street, 

Mr. WALTER CRAMP | PhUadelphia, Pa. 

Mr. Fr. Dienelt Loda, Iroquois Co., Illinois. 

Miss E.^E HABU^vt {^ftyf'S^'^^K. "'^'^^ 

Mr. Andrew P. Hbnkel 317 Locust St, Cincinnati, O. 

n- c P TAwr-ti^ (Director Smithsonian Institu- 

ur. i>. r. langlev ^ ^^^ Washington. D. C. 

Prof. F. P. LEAVENWORTH { ""^^^Kinr ^' 

Mr. Sam C Phipps Millbrae, Cal. 

Mr. John Jay Pibrrbpont Brooklyn, Kings Co., N. Y. 

Mr. C A. Spreckels San Mateo, Cal. 

Mrs..C. A. Spreckels San Mateo, Cal. 

Mr. Rudolph Spreckels Palace Hotel, S. F., Cal. 

Miss Gertrude Stanford 12 18 Oak St.. Oakland. Cal. 

Mr I W WvRn ^ "^'^ Bourke Street, Sydney, 

Mr. J. \\. WARD ^ New South Wales. 

Mrs. E. .M. White Framingham, Massachusetts. 

A committee of two, Messrs. Pierson and Campbell, was appointed 
to ascertain the number of institutions on the e.xchang^e Hst, from whom 
the Society receives publications, and to report at the next meeting 
regarding a revision of the list of corresponding institutions. 

It was. on motion. Resolved, That in the death of the Hon. 
.•\le.\ander .Montgomery, the generous founder of our library and a 
life member of this Society, our organization has lost a cherished 
associate and a sincere patron of astronomical science. 

A committee of two, Messrs. Pierson and Ziel, were instructed to 
present to the next meeting of the Board a brief history of the career 
of Hon. Alexander .Mo.ntgomerv, deceased, and of his benefactions 
to this Society. 

Adjourned. 

Minutes of the .Meeting of tfie Astronomical Society 
OF the Pacific, held at the Chabot Observa- 
tory. IN Oakland, November 25. 1S93. 

President Molera took the chair. The minutes of the last meeting 
were ai)proved. 

The Secretary read the list of new members elected at the Directors 

t Membership to lake erfect January i, 1S94. 



» 
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meeting. It was voted that the thanks of the Society be returned to the 
officers of the School Department and to Mr. Burckhalter, for the use 
of the Chabot Observatory. 

The following papers were presented : 

1. On the Stars with Bright Lines in their Spectra, by Professor 

Campbell, of Lick Observatory. 

2. Variation of Terrestrial Latitudes, by Professor Hussev, of Stanford 

University. 

■ 

3. Charts of Stars for Magnitude — Comparisons, by Mr. R. H. Tucker, 

Jr., of Lick Observatory. 

4. A Preliminary Note on a Mechanical Theory of Comets, by Pro- 

fessor Schaeberle, of Lick Observatory. 

5. Reports on the Solar Eclipse of October 9, from Mr. Burckhalter, 

Mr. Harmon, Professor Taylor, and from the Lick Observatory. 

6. The Bright Streaks on the Moon, by Professor Schaeberle of Lick 

Observatory. 

The Chairman then introduced Professor W. W. Campbell, of the 
Lick Observatory, who delivered a lecture on " Stars with Bright Lines 
in their Spectra," illustrated by fifty-six lantern slides, the majority of 
which were photographs of star spectra made by him with the 36-inch 
equatorial of the Lick Observatory, with exposures ranging from ten 
minutes to four hours. 

The meeting then adjourned. 
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